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PREFACE

This report is not a result of any
one investigation (CIOS) trip to Germany, but
i3 a summary of information obtained on several
trips and includes data obtained from inter-
rogations of German personnel detained in London,
documents from the Air Document Research Center,
and’ reports by other agencies and investigators.
It has been made as broad and comprehensive as
possible at this time, but, of course, cannot
be considered as a complete story of German
high speed airplane design.

Page iv
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I. HIGH SPEED ATRPLANES

l. Introductlon

In the following pages, data and scale sketches
for 25 of Germany'a oubtsgtanding airplanes and airplane
designs are given. The list cannot be considered a
complete iIndex of German aircraft, but it is quite
representative of German thought on high speed air-
plane configurations. No attempt has been made to
cover any but fast airplanes, and 1t should be noted
that 16 of the 25 are in the 600 m.p.h. clasgs. Only
2 (the Do-335 and BV-155) are propeller driven and
these are the only %two with top speeds less than
500 m.p.h. However, the BV-15d attains 1ts maxlimm
speed above 50,000 ft. and the Do=-336 1s one of the
- fastesat propelier driven airplanes in the world.

The airplanes are divided into two classes,
Production Airplanes and Experimental and Proposed
Airplanes. The Production Section inecludes the alr-
plenes that were either in full scale production or
haed passed the prototype stage and were deslgned for
full scale production, even if it had not yet been
attalned. Included {n this latter class are the
Ju=-263, Ju-287, and Do~335.

The first ships covered in the Expeérimental
Section are the eight deslgns submltted in the Jlast
fighter competition in Germany. Of these, the
Me-110. was being built, but only as & research
‘airplane. (It was designsd 80 that sweepbacl and
dihedral could be varied). Ot the remaining alrplanes
in the Sectlon, only the Horten IX and the "Natter"
‘have been flown. Lippisch's LP-1l and LP-1D were
Dbeling bullt in glider versions and the BV-1656 proto-
type was almost complete, but none ot the designs,
other than those already mentioned, had reached any
sort of constructlion stage.

As & means of comparing German airplanes with
others, an additional seoction has been added giving
the specification list for the standard equipment
required in mllitary airplanes. -
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2. PRODUGTTION

AIRPLANES
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AR-234 B-2 JET PROPELLED BOMBER

The AR-234 B2, like the earlier models is a
single seat lignt bomber with two Junkers 004B turbo-
jet units., ZLater models of the 234 are reported to
have four jet units. It 1s of the hi%h_wing type
with a tricycle Llanding gear and was of all metal
congtruetion,

This was one of the production models and was
designed and fabricated by Arado Flugzeugwerke G.m.b.H.
" Pots

Dimensions:
Span - overall 14.4 m
Length - overall 12,64 n
Height - from ground to tip of fin 4.3 m
Wing ~ root- chord 2.56 m
Wing - tip chord .86 m
dpan - tall surfaceg - .6,00 m
Stabilizer - root chord 1.16 m
Tread ~ mein landing gear 2.05‘3
Wing area 26.4 m
. Weight s Normal With Bomnt
Max.take-off weight : : .
{tons-metric) 8.41 8.85 9.35
lilﬂt wielght-with bombs - 7.3b 8.1
" without bombs 6.91 -—- -
Lending Welght B.71 5.658 6.6
Perfommance ‘
BPEed -With bombs at Skm.alt. - 700 km/hr. 870 k /hr.
" Tkm.alt, - 706 " ‘600
" without " af 10 km.alt. 600kméhr. -~ T
ﬁ " " .8 km.alt., 707 M - --
' " "% 8 km,alt., 720
Time to clinb to 8km. 18 min, 21,6 min. 34,1 min.
" 6 km. 11 liz2.8 ™ 7.5 "
Range 1850 kr, 1560 kxm. 1100 ki,
Take-off digtance ‘ '
witliout rockets. 1300 m. 1550 m. 1780 m,
ilageolf distence with
vocgelt aoslsh. 690 m, 965 m. 86C m.,
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Powsr Plant:

‘2 Junkers 004B turbo-jet units ware slung .
beneath the wing on each side of' the fuselage.
Provision is made for attachment of rocket units
for assisted teke-off.

‘ The fuel system included two large fuselage
tanks. The front oné is located between the =
pilot's cabin and the wing and has a capacity of
180C liters, and the rear tank located aft of the
wing has a capecity of 2000 liters. Both tanks
are of the flexlble self-seallink type.

~ provision is made under each jet unit for
installation of droppable fuel tanks. ‘ '

Push-pull rods are used for operation of thei~
engine controls.

Wings o

_ - The all metal wing, including the tips, 1is
congtructed in one unit. It is of the conventlonal
two spar stressed gkin type, with nose ribs, inter
gpar ribs and trailing edge ribs.

The wing 1s attached to the fuselage at four
pointg; two at the extreme leading -edge and two at
the rear face of the rear spar. Forgings and machined
parts are uged for this attachment. A special
expansion shear bolt passes through the eye fittings

~on both the fuselage and wings. e _

The silerons and flaps are also of the conven- -
tional type of all-metal constraction. The ailerons
are negs-balanced. The trailing edge of the alleron
‘extends aft of tralling edge of the flap. High aspect
‘patio tubs are fitted to both the ‘R.H., and L.H. aillerons.
The tab controia are linked to the flap operating '
mechani sul. ‘ S o

Tail Surfaces

_ Conventional type all-metal'construption'is
f1ged for all tall surfaces. The horizontal stabilizer
is constructed in one plece. It Has two sheet metal

[RESTRICTED
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Spars and predgsed ribs and stressed akin, High aspect
ratio tebs are fitted to both.R. and L. elevators. It
has been reported that in earlier models an adjustable
stabilizer was used in place of elevator tabs.

A 8ingle fin and rudder also of all-metal
congtruction ig located on the centerlihe of the
fuselage. Two tabs extend the full height of the
rudder; one is used for trimming and the other is
used as & Flettner control.

Fugelage

.'The fuselage is of the semi~-monocoque construc-
tion. FPFormers and six stringers are of "Z" sections,
while the two longerons to which the wing attachment
fittings are Piveted are of "hat" sections.

The noge section forms the pilot's cabin and is

detachable from the main fuselage section.

_ Immediately behind the cabin section is the
forward fuel tank and aft of this is the main attach-
ment point. The rear fuel tank is &aft of the wing
fittings. A strong bulkhead separates this tank
compartment from the rear fuselage. Access can be
gained to the interior of the rear fuselage through

- two hatches in the top fuselage skin.

Landing Gear

The landig gear 1s of the tricycle type. The
complete gear retracts into wells provided in the _
fuselage. The nose gear retracts rearward while the
main wheels fold forward and inward. Both nose and
maln gear is retracted hydrauliocally. :

The shock struts on the main gear have a .
stroke of approximately 12 inches. The large wheels
have dual hydraulic brakes and are fitted with

935 x 345 nm tires.
The nose wheel tire is 630 x 220 mm,
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DO-335 2-MOTORED NIGHT FIGHTER-BOMBER

8

General -

: * The Do-335 1s a two engine, mlti-purpose, all
- metal, low wing.monoplane. This model has two

" Daimler Benz 603 1iquid cooled engines~in tandem.

- There 18 one tractor propeller in the front and one
- pursher propeller at the rear. The aircraft is
equipped with a retractable tricycle landing gear.

Engine

The Do-335 is powered with two Daimler Benz 603
engines, 1800 HP each. Bach. engine-drives a three
bladed controllable pitch, metal propeller 10.6 ft.
in dlameter. ' Thé chord 'of each blade is 12.5 in.
The rear propeller is driven by a hollow steel shaft
4,8" in diameter and 13.3!' in length. : :

Fuselage

- (a) ‘The fuselage is 45'2" in length with a.
meximm depth of approximately 6'3". The fuselage
‘18 skin stressed construction using flush riveting.
It starts off by having a circular cross sectlon at
the front gradually enlarging and elongating into an
‘ovel ‘cross-gection with a maximim cross-section at
approximately the center of thé fuselage. The cross
section then decreases gradually keeping its oval
~shape up to its tallsection where it tapers off to
e sharp "v', The fuselage coritains the two engines,
‘oockpit, fuel tenk, radiator cooling system, a. .
_possible dinghy compartment, & compartment for the
front nose wheel and & compartment whihh may be used
‘a8 a bomb-bay. The forwerd motor has its radlator .
in tite form of a radial engine macelle, in the front.
of the fuselage directly behind the propeller. The:
air passes out of adjustable cowl flaps fastened to
‘the nacelle., .The rear engine has its radiator in the
. fuselage. 4 large air ‘scoop, similar to that of the
- P-Bl and in the saime .relatlve position -directs the
air ‘past the radlator through‘the_fuseiage and out
the controllable vents 4n the tail, The forward
section immediately behind the radiator contains the
engine mounted on & speclal frame. 'This frame is

[RESTRICTED
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rubber mounted and fadtened to the fuselage by fcur
bolts. Immediately behind the fire wall are two
compartments. The upper compartment is accesslible
from the left side. It is 2'3" long by 3' wide by
1' deep. It may be used as a dinghy compartment.
Teh lower section is for the forward nose landing
gear. This gear is retracted into thls compartment
during flight. The compartment is 2'5" wide, 7'7"
long, and 2'6" deep. This compartment has hinged
doors. The cockplt contained standard engine
instruments and navigationsl aids in addition to its
accesaories. The outstanding feature is the pilot
seat. It has an ejection system which catapults
thepilot free of the aircraft in emergencles. The
cockpit 1s located at approximately the leading edge
of the wing, allowing for good visibility.

(b)  Imnediately behind the cockpilt there 1is
a large fuel tank. pelow this tank is another
compartment which opens up from below by means of
two hinged doors. This compartment is 8'11" long,
318.5" wide, and 2'5" deep. It provides a convenient
aperture by which the rear engine can be served or
serviced. This compartment mey possibly be used as
g bomb bay. :

(c) Above the compartment and contimuming
beyond is the rear engine. This engine is also in
the fuselage and mounted on the frame. This engine
is accesslble for service by two large cowlings which
are fastened to a common hinge on the top side of the
fuselage. Behind and below the engine in the fusslage
13 located the radiastor for the rear engine. The air
comes in the air scoop attached to the bottom of the
fuselage. This eir passes out agaln by means of an
adjustable opening in the tall.

Tall Surfaces

(a) Stabilizers: The stabilizer is all metal
construction with fapric on its leading edge: 1t is
flush riveted and passes through the fuselage above the
alr vents at the tail, The stebilizer is fixed. It
has a span of 1812%, The chord at the base is 3'4".

The stabilizer tapers ott to a 10" chord with rounded end.

(b) Fin: This fin is similar in construction
and dimension to the stebilizer. The fin passes

RESTRIC
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through the fuselage at right angles te the stabilizer.
The fin extends an equal distance abové and below the
fuselage. The tip on the lewer portion of the fin la
‘of cast metal so as to protect it from damage on
acceidental contact with the ground.

(e) Elevator: The elevator ls aerodynami-
eally balanced, It is of all metal construction and
i3 equipped with mevable tabs. It has a span of 19!
with rounded tips. Its chord at the base is 1! 9.5%.
The chord near the tip is 1! 8;5". The tab is in twe
gections with a 3" gpacing in between.

(d) Rudder, The rudder is of all metal
construction. It is equipped with movable tabs. The
boéttom rudder is several inches shorter than the top
one because of metal casting on the fin.

Wings

- (a) The wing is of all metal construction. Ik
has a spen of 45'1". The wing has a symmetrical taper
with a square tlp and rounded corners. - The chord ¢f’
the wing at the roct is 12'; the chord at the tip is
6'8". The length of the wing from root to tip is 20'7".
The depth of the wing at the root is 1'8.5".

o (b} Attached to the wings are hinged flaps and
ailerons. The ailerons are 9!'11.5" leng with chord of
"1'4.5",  Attached to the ailerens aré movable tabs
5'3.5" long and 3.25" wide. The hinged flaps are
81'5,5" long and 2'4.5" wide. ‘ :

. (e} The wing has two built up metal spars. The
metal covering is flush riveted. Theré is a compariment
for the wheel fitted into the wing. The wing alse
contains two gasoline tanks. In the leading edge, half-
;. way out on the wing, there is a built-in landing light.

Leanding Gear

(a) The landing gear is the tricycle type. The
main wheels each frold inward into the wings when
retracted, The falring is attached to the outside of
the landing gear so that when the wheels are retracted
the fairing fits flush with the wing. The nosse gear
folds backward into the fuselage and the compartment
doors close when the wheels sre fully retracted. The
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main gear 1is attached to the wings and located at
approximately the center of the chord. . The whesels
have a tread of 16'6". The nose geanr is 132"
forward of the meln gear.

(b) The landing gear 1s alse oleo type and
1s hydramlleally retracted. The nose wheel tire is
ggg by 250 mm. and the main gear tires are 1015 by

3 m.

{RESTRICTED

Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3



RESTRICTED

Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3

12

0003 0008¢ OOLLT OOLLT OOLLT - 004LT

- -- 000TZ 000TZ O00TZ ©000TE8  000TZ 000T2

o4y ©S% - Te¥  63F  18%  0%% ocy  6TP

-- -- LY 92%  8¥p L3P 92% 9Th
cqur  caxd Ul 9Xd Cqul | axT ~axd  9¥®

TeTIoY TeTaey TeTIOY TeTIOV

913 812 813 813 8 T2 812 812 033

omg  pmd ond Hnd pud DHnd pnd  ond
{(spunda OL) (spunod 04) (spunod 0OL) (spunoa 04L)
eOT M X T  QOT MM X T COTME X T QOT MW X T

(*3+d*a 003)
03/TST DH X 3

(*8+d*a 003)
03/IST P¥ X 3

A:M.AH..H OONV
03/TST 9 X 3

00LLT O00LLT

‘23 ‘0G M UITM
*9F ‘08 MH 3NOURTA

ursa UaTR qUSTeU aemod TTng

(*8-d*a 003)
02/18T O X 2

4T ‘08 MT U3ITM
sy-d-m oG MY 3NOUITA
KLoueBaouis 18 peods ¥eEN

280U UT JUOWSHLIY
-qT ‘qudTeM JJO-OXBJ

P78-02646R000400190001-3

091223 00833 ofizz 023232
i34 ee 115 ee *1Te8 (0g MU) 3Jurisooq Jemod
TLY L TLY 0TS +1Te% ‘£q10oedBo Toajed T®B3O0L
08T1T 083T 083T 0gzT “d'y‘wsy ujTa JuITeY aouod .
II0J 3¥ STNONUTIUCD® XEY
0e¥T 0LYT OLFT oLpT -d'u‘mea ym uITey Josod
- TTOI 3% SUT3BI 3BAWOD
{00%2) {00%2) {o0%2) R . . _
00¢2 0CT3 0813 0ST2 (oSM UaTM) "G U JJO-OAB
v ¢09 €a q ¢09 4d # 209 €0 d 209 €d eUTIUH |
ihad 18544 PTH TV eagE: JUTM
*q3°b8 9%  "3I°BE FTIV J919U21J quStu
L-d voJa® JUTM roa® BFUTM gv peadspy
_ 9-Y¥

g~

Approved For Release 2000/0 RESTRICY

YAIAOTIA LHDIN
gee~-0a




Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3

(RESTRICTED

13.

8% ¥

.mﬁh ¢ *doad

gee-0d

¥19 $29 39 AR uo3Td oTQIEIeART
o UATA ung SutpusT
689 209 g8 3ge - 689 "spA ‘tna FuTpyeT |
60T . 90T yIT P1T 60T ‘u'd'w ‘peeds SurpimT
. 00%8¢2 0000% . 0OL6S - 00G%e: 00% .S "4J pgwﬁma
_ : g ugow B BUTTIOD ©0TAJSS
. . .

‘1T . g'6 L ST 8 AT eeT um Ctqm JJO-oXBl @
vir : ‘ - T ‘33 ommom 03 qUITO 0% oeﬁa
283¢: gz $Sie TI%- g3y cumWmJay ewnagsﬁnm
060T oLL O4LTT 09T 083T soTm ‘eSusa
082 0L 20¢ 0% g6z U d'w “pesds
, _ 17 O0LET © SUTSTNJO*U0OH
0% T IT3T #7323 0233 033 o ocummiay
‘ _ *qUOd "XV P o2UBINDUH
83L 809 T¢6 66 898 seTTW - quUoo°¥sm 3® sBusy
00922 009¢g  0080¢ 00823 00223 3t 3v
L% L3Y oTh TP wm¢ *ydix* quod - xem 38 mcﬂmﬁsgcA
-- -- 000°3e 00L 4T "3t ‘0G M UQTH

.- 00013 00012 -~ 000°T8 ooo T2 *4J ‘0Q M anouyaTm |
. wBa spg qudtey aemod TTNG
—_— -- 06% Q9% ~-- "grdm ‘0g M UITA
- 8LY 3Ly -- 09% LLY *yed-m ‘OGMy ANOUITA
. hoﬂom.uusm 98 peods *xeN
TT-V . J8quUIOoq puUer
2T~V oT-vV c-d 2-g -Jequ3TI Aaeey
. sv peadspy
— ) o TY/0-V
HANI VL YHINDTS KAVHH

Approved For Rele‘aée 2000/05/2$R[<$i|iﬂlﬂ$Eﬂ -02646Rooo4oo19000143




Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3

RESTRICTED!

14

Atw.moﬂH O*Hv

{-8:d°ax o¥%T)

)P78-02646R000400190001-3

¢0T YW X 2 SOTMH X 3 -- FUTM UT JUSTBWIY
(epunoa o4) (spUnoa 0L) (spunod CL)
COT W XT @OT YW ¥ T SOT W X T
(3dx 00z) (-®:d-a 003) (°3°d-ax 003) ,
-- -- OZASTINXZ 0Z/TST WM X 2 G3/TET TMX 2 9ROU UT JUSUEIIY
009°6T 088 ‘4T 00L°e8 o8¢ ‘ez 09T T2 ‘qT ‘qufiem JIO-eXBJ
- -- 44 eg -- {u® TaTag) 1783
| {0G MY) Buwrysooq Jomog
gee £qz cL¥y e LY LO% (Us TaTag)  TTeS
‘La708dBD TOMI T®IOL
082°T 083°1 08T°T 083°T 0827 *d'y‘wed UITA JUITSY Jemod
TTNT 4B STIONUTAU0D * XE
‘dry ‘weg
OLF‘T OLY ‘T oS’ T 0L T 0L%‘T 3T qudteu aemod
_ TTRF 3% BUTied §BAUOD
(00%°3) , {uotgoelut
081’3 0ST‘2 00¢ ‘3 0813 08T ‘3 TOUBLA6H -0G M
YaTM) *d "y JJo-odBL
q €09 €@ ¥ £09€90 ¥TI £09€d T Q09 ad g €09 ad euduy
YTV TV ¥ 1P ¥1¥ *q4J-bs ‘Bage JuTH
JO QIO DPUB IO
TI-V ~-qU3TI Laweq
2T~¥ o1~V ¢-g Z-g s® peadspy
, w/0-¥
WANIVHI HALHOT

AAVHH

See-0a

Approved For Release 2000/0 ESTR“H




Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3

15.

osg | *epk

gee~-0d

eg9 €19 go9 083 ¥39 208 089 ¢edoad qogTd eTQTBI0ASX
| ‘Y3TA ung FuTpue]
. ) e e P, ‘8
¥vas 68 oT8 ®84 2¢8 0T8 984 994 #pd ‘unx SaTpUeT
It TIT oTT - OTT ¥IT ¥TT gIT 311 .n.n.a ‘poods SutpweT |
| , ‘ _ o OO _ USTOA wesw -
 009TF 093T¥  0009¢ ‘0g9ge ogcye 000%E. 85» 3_‘3 : wm_unwdoo coTI0y
| . . . . . 2°gT &°'8T . ° ‘qm uuo..ouu» ®
| 23ty BTiY Z0%e 09i% Q3% BT 193 OVH n.dmnn owmmmuwﬂ
| oset osTt o0geT oeeT OseT OeTT  oseT  OMT | FORFR. Coggt
ad gm 4  8%8 -ye3. =% - O | .ﬁoobmﬁn@ wﬂﬂﬁo.noom :
. : v LTZ LIS : 132 WP I
T3 - ¥I2 LT33  4T38 LTPZ 4138 9233 9333 ¢+ a0 X9w © 0OUSIIPE
| o o s
988 288 988 €98 988 €98 T8 988 | m.mﬁo.n! ® o3ty |
. : "ot it . 00¢eZ  000eZ _.HHQ
00g0g 0080¢ 002¢Z 00£g8 00£eT 00ece _S.nnm 0 B8 qrdem ‘peods
0¥ ges gee 8LC 00% 8L .mS. | 698 __n.pqoo o ® Furpe ThD
*be T%% "33 b8 »TY 9 9uSTF JUIT
L€ ww.ud Suiy voae BUTM - uv pegdepy -
_ : o=-g R:L2 4
THIEDIA__1OIN

D1)2646R0004001 90001-3

Approved For Release 2000/05/23






Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3

RESTRICTED o

HE-162 JET FIGHTER

General Description

The 162, as shown in the attached three-view
drawing, 1s a shoulder-wing monoplane of mixed con-
struction, employing as little as posslble of materadl
which is in short supply. The most remarkable '
features of the design are the low span/length ratio,
the'mounting of the jJet unit above the fuselage, the
‘tricycle undercarriage which retracts into the fuselage,
and the sharg dihedral of the tailplane. Wing tilps
bent down 556° were added to the latest airplsnes
because of stability troubles. '

Designatlon

Official German documents generally describe
the aircraft as “"Pype 162" or as "8-162" aithough
references to the He-162 have been found. The name
"Volksjaeger" is popularly used.

Dimensions and Weights

Wing spean : 23'_7%"
Root chord 6! 83"
Wing area (gross) 120 sq.f%.
Aspect ratio 4.65
Overall length 291 8%"
Tailplene span 7t 5z "
Tallplane chord 21 8%"
Tallplene dihedral angle 14 degrees
Undercarriage track 4 11"
Normal all-up welight 65,480 1b.
All-up weight with

maximam fuel 5,940 1b.
Landing weight with

20 per cent fuel 4,820 l1b.
Wing loading st landing 40 lb.per sq.ft.

Performence:

_ The following performancé figures have been
taken from the makers'! specification and are gresumably
‘subject to the usual tolerance of % 3 per cent.

- Maximm speed, at sea levei 490 m.p.h.
' at 19,700 ft. 522 m.p.h.(One
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speed of 5.5 nph
at an unspecif'ied
‘ altitude.)
at 36,000 ft. 485 m.p.h.
Rat2 of climb, at sea level 4,230 ft/min
(at mean welght)
at 19,700 ft. 2,460 ft/min.
at %6,000 ft. 690 ft/min
Time for climb to 19700f¢t.

(at mean wei?ht) 6.6 min.
to 36,000 20.0 min.
Ceiling at mean welght 39,400 ft.
Full throttlie range with
normal fuel, at sea level 136 miles
‘Full throttle rmage with
norual fuel,
at 19,700 ft. 267 miles
at 6,000 ft. 410 "
at 38,400 ft. 434 "
Pull throttle range w1th
- maximam fuel,
at sea level 242 miles
at 56,000 £t. 620 "
Full throttle endurance ‘
(normal fuel) at sea level 20 min.
at 19,700 ft. 33 "
at 36,000 ft. 67 "
Full throttle endurance ‘
(maximam fuel)at sea level 30 min,
at 36,000 ft. g "
Take-off run (normal fuel) v
without A.T.O0. 710 yd.
with A.T.0.(2,200 lb
thrust) 360 yd.
Take-of f run (maxlimn fuel)
without A.T.O. . . 875 yd.
with A.T.0.(2,200 1b.
thrust) _ 415 yd.
Landing speed - 102 m.p.h.
Wing

The raterials used in the construction ot the
cantilever wing are:

Spar boom TBu 20 (presumed wood)

WWebs and skin secch plywood

fibs Pine booms with plywood
. webs.

RESTRICTED
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Fittings and connecting
bolts Stesl
End caps Aluminum alloy

The wing has a straight ledding-edge, blunt
tips and a pronounced sweep-forward on the trailing-
edge. The dihedral is about 3 degress,

The main and suxiliary spars are of T-section
and the sxkin is made up of 4 mm. plywooa which is
thickened locally on the upper surfaces between the
main and auxiliary spars to & mu. The skir is also
stiffened by longitudinal stringers. A Space Detween
the main and auxiliary spar in each meinplsne is used
as & fuel tenk. Servicing is done "by means of
special equipment and a mirror after the removal of
the end caps."

The wing is connected to the fuselage by four
vertical bolts; there are three aaditional connec-
tions on the upper surface for the power unit. The
suxlliary spar carries two fittings for each aileron
-and ror the landing flapa.

'Ailerons

.Wooden construction is used for the allerons
which ace dynamically and staticclly balanced and
have a range ol movement of 18 degrees upwards and
18 degrees downwards.

Lending Flaps

The two lanaing flaps are connected by a shaft
and are lowered hydraulically. gtructurally they
are similar to the ailerons. A mechanicsl stop
prevents their bteing lowered more than 486 degrees.

Fﬁselage
- Duralumin formers and skin are used in the con-
struction of the fuselage. The fittings are partly

of steel and the inspection covers of aural or wood.

In section the fuselage i3 pear-shaped and is
congtructed in the following assemblliesgs: (1) Xose cap;
(2) Forward fugelage, port section: (3) Forward )

- fuselage, starboard section: (4) Fuselage bottonm

RESTRICTED
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section; (5) Fuselage, central section; o
(6) Puselage, rear gection; (7) Cocxpit enclosure.

The main functional compartuents aft of the
fuselage cap ars the cockplit, armament compartment,
tank compartment and undercarriage conpartuaent.

The tail cone, which carries the empennage, is
attecned to the fuselage in such a wey that 1t may
be adjusted to vary tellplane incidence.

Tall unit

The cantilever tailvlane hus a dihedral of
14 degrees and 15 of duralumin congtruction with
steel fittings. The elevator is likewlise of retul
construction. A ronge of tailplizne adjustment of
+3 degrees to -2 degrees is possible.

The wooae=n fins are‘rectangular and are
attdcheu to the ends of the tailplane by three bolts.
Bach ruuder is carried on thres bearings, the
center one being fixed and the two outer ones adjust-
able. The rudders are fully masgs-balanced and their
movement is limited by fixed stops to 25 degrees on
either side.

Controls

The following materials are used in the control
aystem:

Tubes Dural and steel

Shafts Dural and steel

Levers Elektron, Hydromslium and
steel.

It is stated that despite the use of plain
bearings the controls are very light. The elevator
and ailerons are actuated by push/pull rods and the
rudder by cable and rods. Tailplane trim is mechani~
cal by means of a wheel on the port side of the cockpit.
Twenty turns give a five degree movement.

Undercarriage

The tricycle undercarriage retracts rearwards
into the fuselage by hydraulic pressure and is lowered
by means of a spring which is conpressed during

RES] RICT
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retragtion. It is locked in the "Up" position by

a bolt which is released by a cable, and in the
"Dowvn" position by a toggle which passes over dead-
center, Undercalriage position is shown by &
mechanical indlcator in the cockpit ana the.retracted

‘nose wheel may be seen through a special window.

Tho oleo legs are of the lle-109 type and the
wheel dimensions are 660 x 190. The brakes are fok-
operated trom the rudder pedals.

Yfhen stowed in the fuselage the undercarriage
1s coverea by doors which open and shut automstically.
e size of the nose wheel ig given as 380 x 150, but
it is stated tnat there is u 3space for a larger wheel
if necessary,

Hydraulic Tnstullation

The hpdraulic s%steu is ugsed to retract the

gndexcaﬁrihge lower the ilaps, and Opepate the whael
Yraies

The undercarriage retracting system conprises
hydraulic header tank, oil filter, hydraulic pump,
contrel switch and pressure relief valve. 011 is
circulated by an engine-driven pump with a capacity
of 2.6 gallong per minute at 3,500 r.p.m.

The brake installation is not connected to the
main hyiﬂcu¢ic system; brake fluld 1a stored in small
tanks on the pedali- operated cylinders.

Power Plant

Although variants of the 162 may be fitted with
the Jumo 004 or Heinkel-Hirth Oll turbo-jet unit, the
version described ir the Heinkel publication is fitted
with a BWY 00s E-1 or E-Z2. Another document mentions
8 UMw 003 A-l.

The BuW 003 E-1 runs on J-2 fuel and has & sea-
level statie thrust of 1,760 1b. at 9,500 r.p.m. at
36,000 ft. and a speed of 500 ‘m.p.h. the thrust is
585 1b. The specific fuel consumption is high,

1.61 1b. per hour per 1lb. thrust. The weight of
the unit complete is probably about 1480 1lb. ana the

RESTRICTED
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overatl dimensions, scaled from a drawing, are:-
lengtin 117t.10in.; hneight 2ft.10in.; width 2ft.4in.,
ilgnition 13 by means ci ©wo sparking plugs. ;

The Jet unit is'fitted aitove the fuselage on
- the upper surface or tne wing. At tne torwvard end
it 19 dttached by two vestical bolts and at the rear
by one horiax ntal bolt. The iront andrear cowlings
ere fixed to the power unit and are delivered with 1%
the center cowling conuiscs of two large flaps which
may be opened sideways and are normally held shut by
8 gqulck-release rustening. If riecessary, these flaps
may be removed entirely. There is a detachable fillet
between the jet unit and the wing.

Viith special 1ifting tackle a yulecik power plant
change is possible by virtue of the fact that the
engine cun be suspended froi: two points and that all
.joins in the pipellnés and leaus are close together.
1t isinferred that there is a special method of
'sepanating the Jet unit control rods.

Power Plant Operatlon -

The tollowing comtrols are fitted:-

Throttle lever with switch for ignition)

~-and fuel injection })On port
. Clamp for throttle lever )fuseiage
- Lever for fuel cock ' Jwall

iain electrical cut-out
- btarter switeh
" iein switeh for jet unit
3witch for tank pump

- starting and Ignition

The Jet unit is started by a Riedel two-stroke .
.vstarter.engine whiech 1s in'turn, started electricdl ly
by-a dwitch on the starboard ziie of the cockpit. The
ignition is swktched on when a ovutton oh the throttle
lever is nressed

Fuel Tankgge.
The normal tuel supply-is irom z single flexible

1uoelaﬂe tank mounted \ell forward. "his tank has &
capacity ot 125 gallons for wnorsal flight, vith an
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additional €8 gallons for warming up, take-ot'f and
initial accelevration. For the maximun fuel condil-
tion, the capacity of the fuselage tank is increased
to 168 gallons (inclucing the 28 gallon allowance)
and an additlonal 40 gallons can be carried in the
fuel-tight wing compartment.

Botn the wain tank and the gpecially propared
wing coupartuent are filled from g single point on
the upner surface of the wing. Fuel is delivered
to the Jet unit frot the fuselage tank, into whi ch
the wing tank feeds, by an electric inusilsion pump
via & fuel cock and filter. -

Cockggg

Entry and exit are through the roof which opens:
rearwards and can be jettisoned. . The pilot's seat
can be catapulted out of the cockpit in an emergency
by® means of an explosive cartridge.. A parachute is
attached to the seat, which is adjustable on.the
ground for the pilot's height. ' ' '

On the port side of the‘cockpit'are controls
for the power unit and on the starboard side are
svitchas for the electrical installation anduradio.

The following engine . instruments are fitted:
pevolution counter; fuel pressure gage; oil
pressurs gage: exhaust tenmerature'inaicator;
thrust indicator; fuel. contents gage. Flight
instruments comprise a fine-coarse altimeber; AST:
turn indicator, and pitot head heating indicator.

A type K 38 magnetic compass 18 fitted., / A signal
pistol with shopbtened barrel fires through an. opening
iy the starbozrd fuselage wall, :

Armor Plete

Thne pillot is protegted by &n armor plate
forward of the cockpit anu abovse the instrument
panel. "ijoveble shutters" are algo mentioned.

Harness and Oxygen Byuipment

fhe pllot's seat 18 provided with Bubtton
hurness and the apeclal seat-type puiachute Las

RESTRICTED
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emergency oxygen equipment in the s eat ecavity. The
aalin oxygen equipment is carried-on the port side of
the fuselage, with the indicator and pressure gage
in front of the pilot.. The oxygen 13 supplied from
a two-liter bottle. The shut-off valve may be
operated in flight. ‘

Armement

' ~ Alternative armament schemes are. 2 x MK 108 or
2 x Mz 151/20. The MK 108 i1s a low-velocity 30 mm.
~gan and the MG 151/20, a hign-velocity 20 mm. weapon.
The guns are mounted low in the forward part of the
fuselage, one on each side of the cockpit, and the
mountings are sufficliently far hack to accommodate
the barrels of the MG 151/20's in the fuselage. If
‘MK 108's are fitted special blast tubes are attached
to the mzzles, : '

. An ammnition box above the guns holds 2 x 120
‘rTounds for the MG 151/20's or 2 x 50 rounds for the
MK 108%s. The empty cases are ejected into the
alrstream. . _

The gun mountings are accessible for installa-
tion and removal of the guns through large doors in
the sides of the fuselage.

‘ The standard gunsight to be fitted 13 the Revi
16 G but a Revi 16 B may be used if this is not
available, The gunsight is mounted behind the wind-
Screen, immediately in front of the prilot.

Radio Equipment

: The radio equipment consists of the Fug 24
(R/T and homing) and the FuG 25 4 (I.F.F.). The
receiver is mounted on the right of the cabin and
the transmitter in the rear part of the fuselage.
Two separate aerial mtching units are provided for
transmitter and recelver, these being mounted in the
port and starboard fins respectively. “he homing
loop is fitted on the cowling of the power unit,

‘The entire FPu@ 25 A installation is fitted in the
rear fuselage, with the exception of the control box
which 13 near the FuG 24 receiver. The FuG 25 A aerial
is built into the port fin.
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ME-262 JET PROPELLED FIGHTER/BOMBER.

Dimensions and Weight:
Gross Welght

Fighter 14,740 1bs.
Bomber 15,620 1ibs.
Length 34.8 ft,
Height 9.0 ft.
Span - 41.5 ft.
Wing Area 233.5 £t.2
Performance (approx.)
Vpex level 530 IPH
Landing Speed - 100 MPH
Rate of Climb, Max. 4200 ft/min.
Fuselage

The fuselage has an overall length of 34 f£t.9in.
and for a single-seater aircrarft is exceptionally
roomy; the large stowage capacity has been dictated
by the heavy fuel requirements of the two Jjet-
propulsion units. ‘

Construction 1ls semi-monocoque and steel is
employed in the fabrication of the pointed nose
porcion including the thin outer skin. The rear
portion of the fuselage is mede from durelumin.

The fuselage 1s of substantially triangular
cross section, blending to circular at the nose.

The armament, which is described in another.
section of this report, is grouped in the nose. The
installation is very clean eerodynamlcally.

The space between the armament and the pilot's
cockpit is ogecupied by fuel tdnks. The cockpit has
a "tear-drop" enclosure, the center portion being :
hinged at one side and secured in the closed position
by lever-opersted bolts.

In emergency, the whole of the cockpit cover
can be jettisoned mechanically. Beneath the pilot
and immediately aft of the main spar are the wells
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which receive the main wheels. An suxiliary fuel
tank can be fitted under the pilot's feet.

Behind the cockplt there are additional fuel
tanks, followed by the radio compartment. Another
auxiliary fuel tank can be mounted in the rear portion.
of the fuselage.

The tall end of the fuselage is-very slim, the
maximum width at a point 18 inches forward of the
tailplane leading-edge belng only 2 ft. 1 1n.

Wing

N The thin single-spar wing, has a.span of 41 ft.
Theré is pronounced sweepback on.the leading-edges
and the trailing-edges are also swept back slightly
outboard of the J-propulsion units. Inboard of the
propulslion units, however, the trailing-edges are
swept forward. '

The single spar is of composite I-section, the
top and bottom caps belng of steel with a built-up
duralumin web. At the root end the spar is 1ft.2in.
deep and there is a bolted joint on the center line of
the fuselage. ‘ '

Automatic slots extend along the full length of
the leading-edges both inboard and outboard of the
propulsion units. They ure of steel construction ‘
throughout &nd are mounted on built-up steel brackets.

Each alleron 1s made in two seetions, each 3ft.6in,
long, and extending out to the wing tip unit.  The two
sections are connected to a common lever centrally
disposed between-them. A trimming tab is fitted to the
inboard section. ' ' -

: Flaps of modified Handley-Page type are fitted
inboard and outboard of the propulsion units., Rollers
at both ends of each flap section operate in curved
guides. The flaps are actuated by toggle levers which
cause them to move bodily rearwards and also tilt
downwards. - The upper surface of the wing extends over
part of the flap chord so that even when the flap is
fully extended the leading-edge is still shrouded.

[RESTRICTED
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The maximum rearward movement of the flap is about
5/; inches and when it is extended a slot effect is
produced. Graduations at 0, 10, 20, 30, 40 and 50
degrees are marked on the upper surface of the flap,:
the 20-degree position, which 1s used for take-off,
being indicated .in red.

Tail Unit

For ease of construction the fin is made int wo
halves, being divided on the vertical plane of the
fuselage axis. The halves are bolted together.
Holes are provided in the outer skin to afford access
for this purpose and are afterwards covered by doped
fabric discs. The joint along the leading edge of
the fin 1s covered by a plywood falring.

The narrow-chord rudder has an overall height
of 6ft. 11 in. It extends from the top of the fin
to the bottom of the fuselage. A mass balance is
provided near the top of the rudder and there is a
large trimming tab which is also mass-balanced.

The 12 ft.4 in. span tdilplane is set fairly
Nilgh and has pronounced sweep-back on the leading edge.
Tallplane incidence can be varied by an electric Jack
which is connected to the mid-point of the leading
edge, and causes the whole unit to tilt about the axis

of the single spar.

Like the fin, the tailplane is made in two halves
which are bolted together, but no attempt to mask the
joint along the leading edge is made.

. Narrow-chord elevators are shrouded into the
trailing-edge of the tailplane and have large mass
balances towards the outer ends. (Controllable
trimming tabs, also with mass balances are fitted.

Undercarriage

The undercarriage i3 of the tricycle type, the
main wheels belng retracted inwards into the bottom
of the fuselage just behind the main spar. The oleo~
pneumatic legs are hinged to the spar at points in
line with the outer ends of the inner flap sections.
The nose wheel when retracted is accommodated in the
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vertical position in the space beneath the armament
installation. Hydraulic retraction 1s employed for
the nose wheel in addition to mein wheels. Hydraulle
brakes are fitted to ull wheels, the nose wheel brake
being hand-operated and the main whesl brakes foot-
operated.

The tire sizes are as follows:-

Main wheels 840 x 300
Nose wheel 660 x 160

Jet-Propulsion Units

The Me-262 1s powered by two Jumo 004 turbo-jet
propulsion unlts. The sea-level static thrust of
this unit is about 1800 1lb. It is of the axial-flow.
type with an 8-stage compressor at the leading end.
With this design it has been possible to keep the
maximm overall diameter of the unit down to 32 1in.
The length measured from the intake to the exhaust
outlet 1s 11 ft. 8 in. and the extreme length over
the cowlings appears to be about 12 ft. 6 in. The
estimeted dry weight of each unit 1s 1500 1lb.

The units are slung low beneath the wing so
that there is no interruption of the main spar. On
either side of each unlt there 18 a built-up steel

.~ rib or bulkhead, the whole being enclosed by the
cowling. ' :

Some of the auxiliaries are mounted on top of
the propulsion unit at the torward end and the cowling
envlosing them produces a s3light bulge above the
leading edge. .

. At the rear end the full circle of the cowling
is below the trailing edge and blending is effected
by a shaped portion which sweeps upwards to join the
wing surface. -

For starting, the turbines are run up by means
of amail 2-stroke engines mounted at the,front of the
rotor assemblies. A small quantity of gasoline 1s
provided for the initial firing of the main units and
ag soon as this has been expended the main supply of
diesel fuel oil is employed. :

Puel Tankage
. There are two main self-sealing tanks, each of
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900 liters (198 'g@llori_s) clgpét\_city,,} one mounted in
front of the cockpit and one behind.

A rigld 1light-alloy tank in the after part of
the fuselags aanommodates a further 600 liters
(132 gsllons) But is normally filled to only two-
‘thirds of its ospacity. A 200-liter (44 gallen)
auxillary tank ear be provided under the pilet's
.feet at the expenseée of part of the armament.

: The full designed armement is 4 x MK 108 guns of
30 mm. oalibre, These guns are grouped in the nose
of the fuselage and as their overall length is only
3ft. 6 in. a wery compact installation has been
achieved. with no external projections.

- There is a large spherical support round the
barrel near the rear end which facilitates adjustment
when harmoniszing the installation. ‘

. %he full armament is formidable. The MK 108
gun, which weighs 134 1b., has a rate of fire of
6756 te 600 r.p.m. with & muizzle: veloolity of 15706 feet
per secoend. : ' o

' The sapacity of the ammnition sentainers is
at least 76 r.p.g. Possibly the number of rounds
per gun 1s increased when only twou guns ure fitted.

- - ‘Qompresaed alr for cooking and sear release
- 45 oontained in eight bottles which are housed in
.the lower portion of the Tuselage under the forward
petrol tanks. , :
E nor :

‘The only armor :_caﬁr,iae's_, two pieces of 16 mm,-
These together farm a bulkhead 2£%.10in. wide by
1ft.7in. deep, whioh is fitted behind the pilot in .
the upper part of thq._:ga.ol;igq -~ The 'windscreen is.

- of bul ot-reslating glasa; 10 om; khiek,. ' '

Bomb Garri ers. - ‘

o -30mb *oé.'i*r.tqré, may bé fitted '-‘ont‘bz‘;l‘o,.., Bi'_.-'bb'th, ~.
- 8ides of the m-selng, forward of the wheel wells.
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If there is only one carrier it 1s mounted on the
port side. The carrier measures 2ft.9in. by 24in.
by 4%in. overall and will accommodate one size of
bonb only, namely 250 kg. The two fuzing plugs
are spaced lft.4in. apart from center to center,

Radio

: The radio fitted to the Me-262 conforms to
the usual equipment for German alrcraft fulfillin

" similar functiong. It comprises FuG 16 Z (VHF R/T
and D/F) or FuG 16 ZY (VHF R/T, D/F and retrans-
mission facllitles for ground control by fighter
Benito stations). In certain cases FuG 26 A (I.F.P.)
"1s fitted elther for identification or for ground
posltioning in conjunction with Freya stations.
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ME-163B - ROCKET POWERED INTERCEPTOR

Dimensions:

W'ing AI'G&.-..-..-.............186_ Sq-ft.
‘-Jillg Span.,.-.-..............-. 60.5 fto

Welghts:

1V~Jeight Elrpty...l0000’050.000004190 lbs

Fuel.-‘-colo.o.oolooc.lou0000004410.

AIANLtLON. co v vssavscescsosess 220
-Gl’.ew.‘....l.lll.Oit.D'.l'.l". 220
G‘POSS '\?eightu.oo-.uoc'oioo.ouo\‘ 09040 lbs
Landing Welght.eeeessesosesosse 4830 1bs

Performance:

Meximam Level Speed -
lJimited tO0eeeesevesass. H90 mph
Endurance at 495 wph....cvvve 8 min.
Time to c¢limb to 32,800 ft.... 5 min.
Rate of Glimb - at sea level.. 11810 f£t/min.
at 32800 ft... 33470 ft/min.
Londing 8peedes.esessoressasss 90 + mph.

Descriptlon:

‘This airplane is a tailless interceptor powered
by the Walter rocket power plant of 3750 lbs. thrust.
The two fuels carried are HpOg, the oxygen carrier,
and an alcohol base hydrocarbon. The total weight
of fuel is 2/3 HgOp and 1/3 hydrocarbon. Combustion
is automatic when the two tuels are mixed. Part of
the Ho0p is used to drive the turbine that powers
the cen%rifugal pumps necessary to drive the fuel
into the combustion chanber under the proper- pressure.
The HoOp goes through a catalyst of MnOg crystals
which breaks it down into steam and oxygen. The
steam then drives the pump turbine,

The airplane, designed by Dr. Lippisch, is the
first tailless ship to get into combat, and 1s also
the first airplane to be recket powered..

The wings have approximately 30° sweepback of
the leading edge, fixed leading edge slots outboard
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of 60% seml-span, and carry elevons, trimming flaps
and landing flaps. The trimming flaps are at the
trailing edge of the inboard section of the wing and
are slmllar in design and location to ordinary plain
flaps. The landing flaps are at a point approxi-
mately 50% ot chord of the wing and are located
forward of the trimming flaps. The airplane is s
mid-wing with . root-section of 14% t/c and a tip
section of 9% t/c. The root section has reverse
camber while the tip is a symmetrical section.

There is structural wash-out of 5° and the root
section has an angle of incidence of 3°, The wings -
are wooden of quite conventional construction and tie
to short stubs on the fuselage. The hydrocarbcn
fuel tanks are in the inboard section of the wing
panel. :

34

The fuselage is all metal with a bagic circular

cross:7§g§ipn. The profile is of the egquation
Yy = x4/1 - x. #Above this basic section, the cabin

- and vertical tail are faired in, and below the basic
section the landing skid and tail wheel housing are
also faired in. A small propeller in the nose drives
the generator, aft of this is the pilot's cockpit,
then the fuel tank and Walter unit, An MK-108 30 mm
rapid fire cannon is located in each wing stub.

The airplane takes off on a pair of droppable
wheels of very narrow tread and lands on a skid that
is retractable. Directional control on the ground
is very poor.

Because of this airplane's very advanced desi gn
Some of 1ts history of development may be of interest.
The following is from an interview with Dr.Lippisch.

In 1932 Lippisch designed the Delta IV, which has
modified as the Deita IVa in 1935, and led to the
design of DFS 39 in 1936, These alrplanes were the
forerunners aerodynamically of the Me 163. The DFS 39
had downturned wing-tips to improve the lateral ‘
stability. There were rudders on each wing-tip which
moved only outward, singly for rudder action and
together for use as aerodynamic brakes. Elevons were
used for piteh and roll fontrol, together for pitech and
differentially for roll. When asked why he did not
use spoilers for lateral control, Lippisch said that
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spoillers on swept-back wings give trim difficultles
unlegs the spollers are on the center of gravity.
Trailing edge flaps also give trim difficultles.
Therefore Lippisch in some designs had used flaps
ahead of the trailing edge. These are leas effective
than trailing edge flaps but give less moment change.

-The Me-163 originated in a project proposed by
Antz of the Alr inlstry to put the Walter rocket
engine (cold system) in an airplane. It was requested
that the engine be used with an airplane whose develop-
ment was most advanced as regards flying qualities,
and the aerodynamic design of the D3 59 waes selected.
The triangular fuselage cross section (on le~163 4)
was intended to give the same 1ift distribution across
the fuselage as on the wing.

The order was placed at the end of 1937 with a
speed reyuirement of 300 to 350 km/hr. Wind tunnel
tests were made in the large wind tunnel at AVA
G8ttingen . 4 central rudder was used. The end
plates on the wings or turned-down tips were discarded
ror fear of wing flutter, since the rudders were back
o' the elastic axis of the wing. The. central rudder
gave lmproved control characteristics, for the aero-
dynamic coerficients of the end plate rudders changed
with 1ift digtribution. '‘he rudder could not be
cmitted because oif the destabllizing ettfect oif the
fuselage nose extending outside the wing contour.

Lippisch stated that 1t was very easy to obtain
longitudinal stability in tailless aircraft, but the
irst and most difficult reyuirement was to secure
directional stability about a vertical axis. To avoia
reversal of the gstick force at the stall, the wing
mst be designed to stall at the center first. To
achieve this fixed slots were used at the wing tips,
fipst adjustable, and later fixed. A special form
of fixed slot was developed by Lipplsch which had
low drag in the normal 1light condition. it was
degigned to have equal pressures at the two ends of
the slot and: hence no flow through the slot in the
noprmal rlight attitude. This section with slot
gave a smooth polar curve. ror aspect ratio 5, the
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1ift was maintained to an angle of attack of 30° and
the maximum 1ift coefficient was 2.2. The airplane
with slot length equal to 40 percent of the semispan
could not be spun. With crossed controls, the air-
plane mwerely sideslipped. The outer half of the slot
was then closed, leaving the slot open from the 60 per
cent semigpean to the 80 percent semispan position
measured from the center. The airplane could then
be spun in a perfectly controlled manner.

- At first the fuselage was to be built by Heinkel
8ince they had already built the He~176 wi th the
Walter engine, and the wings were to be built at
Lippisch's own factory.  The He-176 was unsuccessful
and could not take off from the ground with the
available thrust.

he ile-l63%A weighed 2300 Kg, had a wing area of
17.5 m® and an available thrust of 750 Kg.

Lippisch contends that high speed aircraft mist
be designed tor a low lift coefficient, and hence rust
use a low wing loading; otherwise thedrag is
excessive.

The divided responsibility between Heinkel and
Lippisch wgs unsatisfactory and Lippisch decided to
make the whole machine. The lofting was ready when
Lippisch moved with 20 collaborators from the DFS to
Messerschmitt, becoming section I of that firm.

The rocket motor was tested .in. the DFS 194 in
1940, The motor then agailable ("Cold" Walter motor)
gave & thrust of 300 Kg. Flights were made at speeds
up to 550 Km/hr. '

The Me-163A was ready in the spring of 1941 and
was tested by towlng at Augsburg to measure flying
qualities. Flights were made at 4000 and 8000 m both
&t normal speeds and in dives to speeds of 850 lam/hr.
There was at tlrst some trouble with rudder flutter
because the rudder was not yulte masgs balanced. The
airplane was taken to Peenermfinde in September 1941 to
have the motor instslled. The motor turned out t o be
somewhat unreliable. The jets became clogged from.
particles or the calcium permanganate catalyzer,
Safety devices have to be provided in the combustion
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chamber because the motor will explode in the absence
~of catalyzer. many serious accidents occurreg in

the development. At Kummersdorf a whole building and
8ll its occupants were destroyed. Another fatal
‘aceident occurred at Busemann's rocket station at
Trauen Flugzeugprifstelle, If an insutficient amount
of catalyst is supplied, the pressure and thrust
fluctuate violently.  The motor could be throttled
_from full thrust to L0 percent ot full thrust. Yhe
same type of turbine syster, ana centrifugal pumps as
was later used on V-2 was used in this early rocket
motor. The weight of fuel was 1200 Kg, and at the
full thrust of 750 Kg, the fuel was consumed at the
rate of 9 Kg/sec. TFlight tests were made in
September at speeds up to 810 Km/Hr., then 930 Km/hr,
and in October 1941 to 1003 km/hr.  The altitude

was 3600 m and the speeds were determined from
theodolite observations at six gtations.

37.

The thicknsss of the wing was 14 percent at the
center, and 9 percent at the tip. The thickness
distribution was an NACA one but the center line
shape was Lippisch's own aevelopnent to give stable
wing sectlions, ths tralling edge being turned up.

The sections used were of relatively small camber.
In the earlier design (300 KXm/hr) a washout of 6°
hsd been used but in the Me-163A stability was
secured by the use of stable airfoil sections.

At 1005 Km/hr at the t est altitude the llach
number was 0.85 and compression shock occurred at
the wing tip. The Liit actually became negative at
the tip and caused a sudden tendency to dive. The

-tendency was lesgs at high altitude.

Lippisch then got an order to design an inter-
ceptor fighter using the "hot" Walter motor and the
3sme wing as the Me-163A. The fuselage was to be
larger to carry more iuel and equipment. A 15 minute
duration was desired. The "cold™ %Vialter sngine uses
hydrogen peroxide and calcium permanganate as catalyser.
'ne produects of combustion are steam and oxygen and
the temperature is low, 500 to 600°C. Byadding
gasoline to combine with the oxygen, the thrust and
also the teuperature are greatly increased. Three
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supstances mat be fed into the combustion chamber,
.hydrogen peroxide falled T-stotf, catalyzer called
Z-8toff, ana a hydrocsarbon. Another development

was a BIM fuel system, uging nitric acia as the
oxydyzer, called Salbei. Still another development
by Lutz was a catalyzer, hydrazine hydrate, which
could be mixed with the hydrocurbon in the “hot"
Walter engine to reduce the number of components from
three to two,. One combustion chamber would stand
about 20, runs. Fuel was uged for cooling. The total
life was shout one hour tor intermlttent operation,
with full load operation tfor 5 or 6 minutes at a time.

In 1942 the ailrfraine of Me-1638 was tested in
towed flight without the engine. The engine was due
in the spring of 1942 but did not arrive until the
sulzier of 1943, The methou of throttling was not
perfected by ‘lalter until then. A Dr, Schmidt
(neither the Schmiat of sraunschwelg or lunich)
developed the moetor for ialter.

Lippisch described the euil y development of
hydrogen peroxideas a rocket fuel by Walter. Walter
was an engineer in the Reichsmarinsamt. His first
use ol hydrogen peroxide was in life-ggaving apparatus,
i.e., guns firing life lines to ships. #e later applied .
it to the propulsion of torpedoes, this use being
attractive because the chief product of decomposition
18 steam which i3 absorbed by water and nence the wake
is invisible. The original invention was about or
even earlier than 1934. The process was applied at
the BDVL to improve the rate of climbsof a small biplane
and later for assisted takeolf, The ife-163 was the
first airplune using the VWalter motor to fly.

The weight of 1le-163B '‘was intended to be 3300
Kg but 1t actually came out 4100 Kg. It was there-
fore necessary to use an auxiliary rocket for assisted
take-off, # solld-propellant rocket was used, first
of 600 xXg thrust, later two with a total of 1000 Kg
thrust. To provide for control if one launching
rocket failed, rudders were used working in the
boundary laye» of the exhaust streamn. lhe rudders
were of steel, The carbon rudder w 1thin the jet was
developed at Peenemlinde specifically for V-2. 3evsral
tlights were made, rirst in Bremen, then in Augsburg,
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then at Brandes near Leipzig. The landing speed
was about 160 xm/hr.

Only 10 machines of the A type were built.
They were found to be very usetul as trainers. The
flying qualitles were good, the response being quick
because ot the small moment of inertia. The inter-
ceptor (B-type) with engine wus flown fairst in the
summer of 1943, and production began in 1944. Some
60 of the V-Muster series were bullt at egensberg.
Then Klemm had the contract and ran into mch trouble
wlth falring of the wing and fuselage because of
their inexperience. Then all development wa$§ trans-
ferred to Junkers.

From the end of 1944 to the end of the war
Junkers produced about 300 type 1e-163B airplanes.
They also developed a new model (le-263) with larger
fuselage and with retractable landing gear. The
Me-163B had jettisonable wheels for take off and -
landed on skids. ’
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JU-263 - ROCKET POWERED INTERCEPTOR.

Dimensionas

WANE ATBB..cevvronersrnenessl92.6 rtg
wing Span'l...........‘..... Slzft

‘Performance:

Max. Level Speed -limited to..590 mph
Endurance at 495 mph......¢... 15 min.
Time to climb to 32,800 ft..... 3 min.
Landing Speed..-.-oi-..........904 th

Welghts:

WANG. e ioteveenascsorsosssssessssllO0 1bs
FUSElageeeeecnrososscsrescssses 992
Landing Gear...ccecvcecececenss 463
CONtIrolSeeeesesossscsssesscsaecs 88

TOTAL Structure Welght...........2643 1lbs

Equipment (G-ns,Electr.,0xyg.,
Hydr.)...ovveneas 882
Power Plant Install............ 440
Fuel Tankﬂ " 90 O &0 58000 0SS S e’ 440
Weight E@ty.............l.'.... 4405 lbs.

Fuel

H 02.0----.00«.0-0.-0-...0 4410

Hydrocarbon..é............ 2205
Amlnitionl.........l...'l.l.. 445
Pilot&chute.....'!l'...'.... 220

GROSS V’mIGHT...’.. "o s8 800 L 2 B 4 11685' 1bs.

Description:

This airplane is an outgrowth of the Me-163B and
incorporates improvements found necessary to reke a
rocket powered interceptor effective as a weapon.

The major effort was directed toward inecreasing the
renge and improving the ground handling characteristics
of the original Me-163B.
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The wing panels were structurally and aero-
dynamically the same as the 163, the only change
being additional tank space for the added hydro-
carbon fuel. The control surfages and operating
System are also the same as the 163.

The fuselage 1s entirely redesigned and is
approximately 3 feet longer than the 163. It is
slightly bigger in diameter than the 163.and has
8lightly larger wing stubs, thus increasing the
wing span epproximately 8 inches. A tear-drap
canopy 1s used for iyproved vision. The cabin is
pressurized by air taken ih at a point Just below
the nose and the air is compressed by the nose
propeller driving a compressor. The cabin main-
tains 8 km. altitude pressure up to 15 km., the
maximim pressurization being .3 Kg/em® (4.3 1bs/in.Z2).
There is also a connection from the cabin to the
fuselage fuel tanks (HoOp) so that the tanks are
also pressurized. The nose air intake is faired

- to a point far back on the fuselage and this
fairing helps cover the nose wheel when it retracts _
into the fuselage. (Retracted position 48 under-
neath the pilot's seat).

The maln wheels also tie to the fuselage and
retract into it. The tread is very small, being
less than the dlameter of the fuselage. Although
the incorporation of a retractable tricycle gear
was expected to greatly improve the ground handling
of the alrplane compared to that of the 163, the

, narrow tread was considered unsatisfactory enough
So that the wing tip skids of the 163 were still
left on the 263. The landing gear is retracted
hydraulically.

A mesh type parachute of 11.5 ft. diameter
i3 kept in a compartment in the aft fuselage and 1is
released after the airplane lands to shorten its run.

Fifty percent more fuel 1s carried in the 263
than in the 163. The hydrocarbon is carried in the
wings and the Ho0, 18 carried in three tanks in the
fuselage - one fagge tank just hehind the pilot, a
small tank over the landing gear well, and another
large tank aft of the well. All three tanks were
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interconnected, but the large fore and aft tanks
had a Pegulator between them that kept equal
volumes of fael 1in these two tanks. This was
neeessary because otterwise the high angle of clinb
of the 263 (40° approx.) would cause the forward
tank to empty and the rear tank to be full with a
consequent large aft movement of the airplane
center of gravity.

The Wialter rocket unit used in the 263
incorporated a separate "eruising" rocket chanber
that produced 885 1lba. thrust. In addition to
this, the output of the main rocket chamber was
increased to 4410 lbs. thrust. compared to 3750
lbg. for the one used on the 169. The auxiliary
ecruising jet was used because it attained a higher
eiflclenc1 than the large unit could when opserating
at partial capacity, as was done on the 163 for
crulsing. (The fuel consumption when operating at
full capafity was 5.5 gm/kg.sec. while at part
capacity was 10 gm/kg.sec.)

This cruising jet arrangement, with the help
of 50% more fuel, raised the flight duration of
the 263 to 15 minutes compared to 8 minutes for
the 165.
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- JU-267 HIGH SPERD JET BOMBER

. The Ju-287 is of special interest because
of 1ts swept forward wings and the novel arrangement
The airplane is an indication

of Germany's thoughts on bombers - high speed, compara-

tively short range.

flown, but the first actual airplane was not yet
complete when the war ended.
fuselage, the correct wings, a non-retractable tricycle
landing gear and tried many locations of the six power

The Ju-287 was designed' as a production

plants.

airplane.

Dimensions:
Wing Area
Span
Length
YWheelbase
Tread

Weiggts:

- Empty Weight

Fuel
Bonbs
Amminition
Crew
Total Gross Weight
Landing Weight

Performsnce:

peea - Sea Level
at 19,700 ft..

Rate of Climb - Sea Level

at 19,700 r't.

Bory;i.ce Celling
Caloulated 'Range

Approved For Release 2000/05/23 : CIA-RDP78-02646R00040019000

Cruising at

602.5 £t2
63.7 £,
64.3 £t.
24,98 ft.
18,37 ft.

29,500 1bs.
15,860
4,400

220

660

RESTRIGTED

50,630 1bs,
34,200 1bs.

‘6518 mph.
541 ®

4730 £t/min.

2950 £t/min.
36,000 £t.

1L.0 miles
496 mph.

A flying mock-up of this ship has
The mock-up had a Do-217
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Take-off Run 3940 ft.
(With rocket assist. of 3 x 2200 1lbs.
x 12 secs.)

Landing Speed 109 mph.

Descrilptlon:

The Ju-287 is an all-metal low wing fast
bomber, The wings are swept forward approximately
20°, have the Junkers reverse camber high speed airfoll
of 12% maximum thickness, and have fixed leading edge
slots between the nacelles and fuselage. Three BMY 003
A=l jet units are carried in a triangular cluster under
each wing, the lower power plant extending considerably
forward of the upper two in each cluster. ‘

) The wing is of conventional two-spar con-
struction with fairly close former 3pacing and only
occasional full ribs. There are no spanwisge stringers.,
The outer panel spar caps are each one piece forgings .
and include the splice fittings, which are of the
German ball and socket type. Only the upper fittings
transfer shear. ‘

The ruselage includes the i essure cabin,
which houses the 3 man crew, the bomb bay, fuel tanks,
and the remotely controlled rear gun turret. The bomd
bay is farward of the wing structure, but is still on the
center of gravity because of the swept forward wing.

The fuel tanks start aft of the cabin and r™un to a point
aft of the wing. The tail surfaces are conventional.

The plane has a tricycle landing gear with
the nose wheel retracting aft. The main wheel struis
are mounted in the wing and fold inboard. The wheel
axles rotate 90° with respect to the oleos (when viewed

from the front) and the wheels then fit into the fuselage
in a vertical position.

The armament 1s the Heckstand 131Z and the
ship reputedly has a bomb capacity of 8800 lbs. :

The ship was intended to mount four HeS-0ll
engines, but Junkers was forced to use 6 BMW 003-A-1l's
because of the slow development of the 0ll.
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_ The plane was designed for s "safe load
factor™ of 4g for normal load and 3.2g for over-
load, (These are mltiplied by 1.8 for failure
load). The design diving speed was 590 mph. or
a Mach nunmber of .8.
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PILOIED V-I "BOMBER"
Dimensional Data:

Overall length 26! 3"
Wing Span 18t go"
Length of fuselage 24 3"
Maximum diameter of fuselage 21 9
Length of propulsion unit 121
Maximm dlameter of

propulsion unit 110"
Diameter of rear of

propulsion unit 1t 3"
Laagth of Wing g1 &"
Width of wing (without ailleron) 3! 6"
Length of aileron 7t 8"
Width of aileron 9 2"
Horizontal stabilizer w/control

surface 6! 9" by 21"
Horizontal stabilizer control

surface (each) 210" by 9"
Vertical stabilizer w/control

surface 312" by 119"
Vertical stabilizer control :

surface 114" py 119"
Cockplt opening length ' 119"
Cockpit opening width : 115"
Seat to top of canopy 31"
Windshield length : 11"
Windshield width at top 6"
Windshield width at bottom 9"
Length from nose to headrest 14!
Length of fuel cell 41 6"
Length of war head 6!
Length from nose to wing 7y 1"
Length of wing spar 14t 4"
Diameter of wing spar 4 3/8"

Technlcal Data

. _Piloted V-1 bombs were intended to be launched
from bonber type aireraft. no information was
obtained which indicated that piloted V-1 bombs were
to be launched from ramps.

The piloted V-1 bomb was to be flown to and
directed into the target by the pilot, and a parachute
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jump was to be made just before collision with the
target.

‘Piloted V-1 bombs were constructed of steel
except tor,the wings and nose cover, which were ply-
wood. Structural parts of the plloted V-1 bombs are
identical to the late models of the V-1 bomb except
for the following:

{l) Allerons added to standard wings. _

2) Cockpit, controls, and flight instruments .
have been installed just forward of propulsion
unit.

(3) Tapered war head with two fuze cells and plywood
cover have been substituted for stendard oglve
shaped war head.

(4) Only one compressed air container is used, and
this 43 located in about the position of the
automatic pilot of the standard V-1 bomd.

Instrument panel (arranged left to right).

Arming switch operated by key wired to
instrument panel.

Clock.

Airspeed indicator

Altimeter

Oonmbined inclinometer and turn indliocator.

>~ -
b
g Nt

A gyro compass was mounted in a shoock mounted
brecket with a smell 24-volt wet battery and 3-phase
"inverter, This assenbly was mounted on the floor
between the pllot's knees, so that the gyro sompass was
Just below the instrument panel..

The flight controls are the conventional stick
and pivoted orossbar rudder control.

Personal equipment consisted of parachute, life-
preserver, helmet with headphones and throat micro-
phones, sunglasses, safety belt, shoulder straps,
oraghpad above inatrument panel, plywood buoketseat,
and padded head-rest at the top of seat back.,
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Performance; Performance of piloted V-1 bombs 'is
expected to be the same ag that of the late models
of the standard V-1 bonbs. The following data
were obtalned: ’

(a) Speed at end of launching ramp is 400 km/hr.
(b) Speed of late model V-1 bombs was 900 km/nr.
0ld models had speed of 800 km/hr.

(¢) Time of flight is 40 minutes.

" Pilot Survival: It was stated that although the
pllots were equipped with parachutes it was empected
that 99% would not survive. c

. The canopy 1s mounted by two curved prongs,
which hinge into sockets on the right side of the
cockplt. The left side of the canopy is held by
two eyelets and sliding pins. To reilease the canopy
it is necessary to operate the lever in the left side
of the cockpit, disengaging the slidimg pins from the
eyelets.  The canopy must swing about 45°, before
the front prong on the right side will release. The
back edge of the canopy interferes with the cowling
of the propulsion unit. It is believed that it
would be dirfficult, if not impossible, to jettison.
the canopy while in flight. Lines on the windshield,
are used to estimate diving angles. .

Commnication between launching aircraft and the
pilot in the V-1 bomb was maintained through a four
chanrrel connector at the top of the fuselage in front
of the canopy. ' :

) wuantity of Plloted V-1 Bombs Produced: Approxi-
mtely 175 plloted V-1 bombs had been built.
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3, EXPERIMENTAL ARD

PROPOSED AIRPLANGE
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SINGLE-JET DAY FIGHTER COMPETITION

The deslgns shown and described in this section
were submltted to the Chler or the Development Commis-
sion ana head or the Technical Air Eguipment Section
in a design competition. No decision had been mde
as to the "winner", but the tollowing companies had
entered proposals:

Blohm and Vosas
Focke-Wulf
Ernst Heinkel
Junkers
Messergschmitt

The pertormsnces are comparative figures for
the same method of calculation applied to all the
proposals and are not to be considered as absolute
estimates of velocities.

l. SHORT DESCRIPIION OF JUNKERS EF-128

General: Tailless, high wing, swept-back wing.

Wings: Two spar all-wood wing, portion oi fuel
carried in wing.

Fuselage: All metal fuselage. wnose portion contained
room for nose wheel, pressure cabin, fuel
tank, space for main wheels and aii duct
above the gear. In the rear of the fuselage,
the engine and another fuel tank are housed.

Gontrols: Elevons; vertical surfaces above and below
the wing at the inboard ends ot the elevons.

Undercarrisge: Nose and main undercarriage are hinged,
iink type with bending free alr oleo legs.
Pneumatic retraction main wheels 710 x 185
(28" x 7.3"), nose wheel 465 x 165 (18.3%"x6.5").

~ Engine: Hes 109-011 enclosed in rear of fuselage.
Accessible through removaile parts ot outer
shell of fuselage. Intake openings tor air
on the side of the fuselage under the wings.
Boundary layer duct provided. Suction of
boundary layer air through vent at rear of
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11ot's hatch. Fuel installation - 142 gals.
American) unprotected in the wings, 272 gals.
in two protgcted tanks in the fuselage.

Eyuipment : Standard fighter equipment plus catapult
Seat and fire extingulshing apparatus.

Armament : 2 x MK 108 30 nm. rapid fire cannon with
T00 rounds each in the forward part of the
fuselage under the pllot's cabin - additional
2 x MK 108 with 100 rounds each provided for.

Armor: Pilot protected from 12.7 mm. from the front and
20 mm. from behind.

2. SHORT DESCRIPTION OF BLOHM AND VOSS P212

General: Tailless, mid-wing with sweptback wings and
eontrols at the tips ot the wings.

Wings: Steel skin wings of the Blohm and Voss type
of construction. Part of the fuel carried in
the wings. Very deep landing flaps at the
tratling edge and nose flaps which slide into
the wing leading edge.

Fugselage: The curved steel intake duct is the inside
support of the fuselage. Just in tront of the
turbine inlet, the suppori pipe widens out to
attach to a longltudinal beam each side of which
is attached to the wing in front and the turbine
behind. The guns are placed in front of the
“pressure proof” pillot's cabin, which is situated
above the inlet duct. 'he engine is in tlre stern.,

Btabilizers: At the end of each wing are two surfaces
of which one, slanting downwards, fulfila the
function of the elevator and parély the functions
of the vertical atabiligzer and allerons. Yhe
second f'in 1s ah additional small vertical
stabilizer. In addition, there is a small
normel alleron.

Undercarriage: Main undercarriage ties to the fuselage
eams and moves forward into the fuselage.
Nose wheel alse moves forward. Main and nose
wheels same &8 on Ju EF-128.
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Engine: The HeS Oll 1s located in the aft portion
of the fuselage. Alr is ducted through
the nose ot the fuselage.

Fuel Installation: 216 gals. unprotected behind
the pllot and 40 gals. protected in the
genter panel beneath this, 126 gals. in
protected tanks in front of ths engine.
Additlonal tanks in the wing totel 105 gals.

Armament: 2 x MK 108 with 100 rounds eagh next teo
the air duet in the nose ot the fuselage.
An additional 108 passible above the aquct.
Also, additional 2 x MK 108 with 6 O rounds
each can be installed behind the pilet in
the underpart of the fuselage. Armament my
be varied - either MG 103 or MK 112. Poessible
to bulld a place in fuselage for 1100 1b.boub.

Armor: Protection from front and rear shots.

3. SHORT DESCRIPTION OF HEINKEL P1O78

General: Taillless, mid-wing with swept back wings
and controls at the end of the wings.

Wiggs: Contain full fuel.

Fuselage: The pilet's cabin 18 situsted in the Rose®
of the fuseiage above the curved and elongated
inlet duct. The guns, nose wheel, main wheels,
equipment, and engine are all housed in the
fuselage.

Stabilizers: The function of the controls (elevators,
rudder controls, and allerons) is performed by
the downward sleoping wing tips,

Undercarriage: The main wheels retract torward and
g8ideways into the fuselage while rutating
through an angle of 180° about the @leo-axis.
The nosewheel pivots towards the reap and
rotates through an angle of 90° about the
¢cleo axis. Main wheels are 660 x 190
(26" x 7.5"), nosewheel 560 x 200 (22" x7.9").

[RESTRICTED|
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Engine: The engine 1s installed in the fuselage and
iniet air is ducted from the fuselage nose.

* Pusl Installations: The total of 385 gallons 1is
Tocated in the wings and is unprotected.

Armament: 2 X MK 108 with 100 rounds each installed
beside the pllot.

4. SHORT DESCRIPTION OF THE FOCXE-WULF I

General: Swept back mid-wing wlth sharply swept back
- vertical tail and highly placsd, swept back
horizontal tail.

Wings: Two piece wings with steel spars, wooden
ribs, and wooden covering. Fuel carried
in the wing. No means of 1ncreasing Crax
are used (such as slots 1in the leading e&ge
or other means of preventing separation),
but only landing flaps at the trailing edge.

Fugselage: The, upper part forms the main structural
part of the fuselage. It contains thse
pilot's cabin, equipment and fuel space.

The intake duct, the armament and landing
gear, are encloged in the lower part of the
fusselage. The vertical tal 1l 1s tied to the
fuselage above the engine.

Stabilizers: The sharply swept back vertical tail
Supports the horizontal tail and is a single
spar wood torsion tube. The rudder 1is the
same as the wing aileron and 1s inter-
changeable with 1it. The swept back hori-
zontal tail 1s woodsn.

Undercarriage: The maln gear is of the single leg
Type and pivots forward into the fuselage.
The oleo leg is from the FW 190. The nose-
wheel pivotg aft by a hydrasulic strut. Haln
wheels are 700 x 175 (27.5" x 6.9"), nose
wheel is 465 x 165 (18.2" x 6.5")

Engine: The HeS 011 engine is built into the aft
tuselage; gets its air through a cylindrical
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inlet duot from the nose of the fuselage.
The englne i3 accessible through the under-
carriage opening and removable cowling.

Fuel Installation: A protected tank of 45 gallons
18 located in the fuselage. The rest of
the 380 gals. 1s in the wings and is
unprotected.

Armoment: Normal complement 2 x MK 108 with 100
rounds each located in lewer fuselage beneath
the pllet. ‘Additional armament of 2 x MK 108
with 60 rounds each.

Armor: Alrcraft protected against 12.7 nm. from the
front.

5. SHORT DESCRIPTION OF FOCKE-WULF IT

General: Swept back mid-wing with turbo intake in
nose ol fuselage.

Wings: Two plece wing with steel spar, wooden ribs
and wooden covering. Wings can hold 344
gallons of fuel. no 11ift increasing devices
in the leading edge - only plaln flaps at
trailing edge.

Fugelage: Top part of fuselage includes pressure cabin
and space for 2 protected fuel tanks and the
equipment. Lower part of fuselage carries the
tricycle gear and the guns.  The engine is
installed in the aft part of the fuselage. The
fuselage is dural.

Stabilizers: Wooden tail, swept back, normal arrangement.

Ugdercarriage: The main struts are air-¢leo, using

' hydraulic retraction. The nose wheel rotates
through an angle of 90° when retracted. Main
wheels 700 x 175 (27.5" x 6.9%) Antserehangeable
with 740 x 210 (29" x 8.3"). The nose wheel
is 465 x 165 (18.3" x 6.5"). .

Engine: The engine 13 under the fuselage behind the pilet.
Air is taken in through a eylindrical duct
rmunning from the fuselage nose.

RESTRICTED

Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3




Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3

62 RESTRICTED

Fuel Installation: Two protected fuselage fuel tanks
hold 79 gals. and 132 gals. ‘'he wing tanks are
unprotected with a total capacity of 344 gals.
Each panel has 6 fuel compartments and the
fuel 1s pumped from the wing into a fuselage
tank.

Equipment: In addition to standard fighter equip-
ment, space is provided ror an automatic pilot.

Armanment: the regular armament is 2 x MK 108, with
100 rounds for each, arranged left and right
of the intake dunct. A third Mk 108 1s
possible at the expense of the forward fuel
tank.

Armor: PFront prdaection for the pllot ageinst 12.7 mm.
fire.

6. SHORT DESCRIPTION OF MESSEHSUHMITT P.1101

General; Swept back, mld-wing with engine in stern of
fuselage and normal arrangement of swept back
stablilizers.

Wings: 2 plece wooden covered wings with 40° swaepback.
8lot wlth varylng percentage depth at lesidiing
edge. Plain flaps.

Fuselage- The forward fuselage contains the air duct
for the engine, the noses wheel and the "presasure
proof" cabin. = The center fuselage holds the
fuel tanks and main gear at the top and the
"engline below. The aft fuselage is cone shaped
and contalns the equipment and supports the tail.

Stebilizers: normel wooden swept back horizontal and
vertical surfaces.

Undercarriage; The nose wheel rotates through an angle
: of §6° on retraction. The main geap is canti-
lever using alr oleo struts anda hydraulic
retraction. Main wheels are 740 x 210

(29" x 8.3") and the nose wheel is 500 x 180
- (19.6" x 7.1M).
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Engine: The He 0ll engine 1s located in the underside
of the fusgelage with the air intake at the nosgse
or the fuselags.

Fuel Installation: 317 gallons in protected fuselage
~tanks above the engins. 73 gallons unprotected
in the wings.

Armoment: 2 x K 108 with 100 rounds each located left
and right or the intake duct under the pilot
Additional 2 x MK 108 with 100 rounds each
provided for.

Armor: Protection for the pilot against forward fire
. or 12.7 mm. and rear tire of 20 mm.

7. SHORT DESCRIPTION OF MESSERSCHMIFT P-1110

General: Swept back, low wing with turbo in aft
fuselage and normal swept back tall arrangement.

Wings: Same as P-1101.

Fugelage: Clrcular, all-metal fuselage. Forward
- fuselage contains the guns in a nose compartment,

nose wheel, and pressure proof pilet's cabin,
with radio eyuipment. The oenter fuselage
takes the wings, main gear, protected fuel tanks,
and alr intake ducts with boundary layer removal
slots. The turbo and td 1 surfaces are located
in.the aft fuselage. :

Stabilizers: Normal tail arrangement with sweepback
of 40°., V-tail can be substituted.

Unae?carriqg;: Nose gear is single strut with bent

wheel forks retracted by hydraulic struts into
the gun compartment. Maln undercarriage
retracted obliquely forward into the wing roots
by self-latching hydraulic struts.

Engine: The HeS-Oll engine is located in the aft
fuselage. Air 1s ducted to the engine through
inlets in the side of the fuselags. The boundary
layer running against the long forward fu selage
i3 taken in through a supercharger, coupled to
the turbo, through 2 slots in the curved duct.
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Fuel Installation: 395 gals. protected fuel tanks
' In the center fuselage between the pllot's
cabln and the turbo.

Armament: 3 X MK 108's with 2 x 70 and 1 x 100
_.rounds are located in the gun compartment.
Phe addition ot two more MK 108's 13 pos sible.

Armo.r: Protection for the pilot agalnst fire of 12.%7
o mm. from-the front and 20 am. from the rear,

8. SHORT DESCRIPTION OF MESSERSGHMITT P-1111
General; Tallless, swapt baok mid—iing.

Wings: Wings des:lgned to hold 395 gallons ot unprotected
- - fuel. Big sweepback with.small aspect ratio
and large taper. S8lots are installied in the
region of ‘the allerons on the wing leading
edge.

Fuselsge:  All metal fuseliags. Forward fusselage
contains gun compertment, nose wheel, pressure
proof pilotis cab:.n with the radie equipment
behind the pilot. denter fuselage conprises
wing supports, undercarriage, ejuipment and air
ducts. ' The aft fuselage supports the turbo
and vertical tall.

Stabilizers: Elevons are used, and the vertiocal tall
on the rusé.Lage 18 high.l.y swept back.

Undercarriag_g: The nose wheel retracts aft .'m'bo the gun
compartment. The wide-tread main gear retracts
inboard into the wing roots. The main wheels

- are 740 x 210 (29" x 8.3") ,and the noge wheel
1s 465 x 1656 (18.3" x 6.5 ").

Eng ine; The air is ducted through two slightly curved
' ducts from the leading edge of the wing root
- to the Hes 0ll- located in the aft fuselage.

-_Fue.l. Installation: Total fuel of 395 gallons is
D carried unprotected in the wings.
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Armament: 2 x uK 108 with 100 rounds each in the
~ nose gun compartment. 2 X mK 108 with
100 rounds each located in the wing roots.

Armor: Protection for pilot against forward fire
of 12.7 mm. and rear fire of 20 mm.
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BP-20B "NATTER" (VIPER) ROCKET. PROPELLED ATHCRAFT

This airplane was designed as a defeéce weapon.
In operation it is in between a directed missile and
en interceptor fighter. = Originally it was intended to
be completely expendable and to have a pilot ejecting
device, but the R.L.M. subsequently decided to salvage
the rear halt of the fuselage, together with the
expensive rocket unit. A parachute was bullt in the
tuselage for the purpose of salvage ahd also as a brake
to catapult the pllot from his seat after the nose
section is released. This was not too successful as
there was sufficlent fuel left in the unit to cause an
explosion when it hit the ground.

Dimensions:
Wing 4rea 39 sq.ft.
gpan overall 13.1 ft.
Length overall : 20.6 ft.
Horizontal tall area 27 sq.ft.
Horizontal tail span 8.2 ft.
Welghts:
Teke-off weight ianc. ATO units 4925 1bs.
Welght enpty 1940 1lbs.
Weight of ATO units 1000 1bs.
Wing loading at take-off 95.5 1bs/sq.ft.
. Wing loasding at end of flight 37.6 1bs/sq.ft
Load Factor 6 ("safe")
Performnce
3peed max. 620 mph at 16400 ft.
Raté of Climb 37400 ft/min.
Max. Range after climb 36 miles at 500mph
ab 9800 ft.
Hax. endurance’ 4,36 min. at 500 nph
at 9800 ft.
Power Plant _
Motor 1 x HWK 109-509 bi-fuel rocket unit.
2 fuel tanks are located behind the pllot; T = 96 gal.
¢ = 42 gal., total, 138 gal.

RESTRICTED
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Construction

The fuseluge is of semi-monocoque construction
with laminated skin, stringers and formers, and is umde’
in two sections: the jcint being designed tobreak or
be forced apart as the pilot is ejected.

, The wings and tail surfaces are also constructed
of wood. The wing is of the single spar type. The
spar 1s laminated wood and is continuous from one wing
tip to the other tip. The same type spar is used for
both vertical-.and horizontal tail surfaces. All surfaces
have built up ribs and plywood covering. There are no
allerons on the wing, rolling control being obtained by
differential opergtion of the elevators. The wing ana
tail are of ractangular planform without dihedral,
sweepback, or taper. The airfoil used 1s 12% of chord
thick and the point of maximum thickness is locsted at
50% of chord. The sectlon i1s symmetrical. The tail
setting is -1° to the wing. The vertical surface is
approximately 2/3 above the fuselage and 1/3 below.

The structure was stressed for 6g acceleration at

1100 km/hr. at 3 km altitude (684 miles/hr. at 9840 f£t.)

From wind tunnel tests at Mich numbers. close to
1, no bad effects of compressibility on stability or
control were reported. At M = .4, Cpgp = .08.
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BV-165 B and BV=-155 C HIGH AZYITUDE FIGHTER

BV-15656 B BV-155 ¢
felght (1lb.) 12,32¢C 13,200
Vilng Area 420 384
Fuel Cap.(Imp.Gal) 1la 264
Type cf Puel not gyuoted B4
Engine DR~60s4 + TK 15 DB-603U + TK 16
Jupercharger Supercharger
Armament: 2 x MK 151/20 + 1 x IK 108 with
1x 1K 108 60 rounds +
or 2 x MG 151/20+ 2 x IG 151/20 with
1 K 103 200 rounds
or 3 x K 108
or & x K 103
Performance: MPH at Ft. MPH at Ft.
295~ 10,000 306~ 10,000
325 20,000 532 20,000
362 30,000 3695 30,0C0
404 40,000 398 40,000
429 50,C00 428 50,000
ax. Speed 431 IPH between 428 IPH at 50000 ft.

51000 & 54500 ft.

Ceiling - 56000 ft. 56200 ft.

It is noteworthy that the top speed of the
BV-155B 1s attained at 51000¢ ft. and maintained up to
54500 ft., after which it falls orf very rapidly. A
graph shows that at the ceiling of 56000 ft. the speed
is only 320 mph The sub type "C" attains its max.
speed of 428 mph at 50000 ft., but the fall off is more

gradual, the speed at the ceiling of 55200 ft. being
584 mph

The wing structure is interesting in that all
loads are carried in a steel box hean. The landing
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gear, intercoolers, etc. are bolted into this beawm,
The pressure cabin is jJust a welded steel "pathtub"

The BV-156C had the intercooiers in the ruse-

lage, rather than on the wings, and the landing gesy
tolded inboard, instead or outboard.
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THE HORTEN IX - (Ho 229)

The Ho-229 is a flying wing fighter with large
aweep back. There are no vertical surfaces, direc-
tional control bekg obtained by spellers on the wing.
Elevons are also used, as well as plain flaps. There
are no leading edge slots. Tip stall has been ell-
minated by weshing out both root and tip sections with
regpect to the middle third of the seml-span.

The ship is powered by two Jumo 004B jet
engines mounted close inboard and passing through the
méin wing spar. The jets exhmuat over tne wing
trailing edge vhich is suitably protected by steel
skin.

The cantilever wing has one main and one
suxiliary spar. The center section 1s of welded
steel tube construction and the outer psnels are wood

- with plywood covering. The wing tips are dural.

The landing gear is of the tricyecle type with
the main wheels retracting inboard and the nose wheel
retracting aft. The nose wheel 1s self-centered by a
spring and cam.

The control system is described under the High
Speed Control section of thls report.

It was proposed to carry a maximum armament of
4 MK 108 guns and & bomb load of 4400 lbs.

4 spring catapult seat is provided for pllot
safety in emergency.

The win% section is 14% t/¢ at the root and 8%
at the tip. he airfoil is symmetrical at the tip
and has 1.8% camber at the 30% chord.of the root
(similar to RAF 34). The jet entry in the leading
edge of the root effectively reduces the thickness

of the root section. Cryax is 1.3 with flaps and
1.15 without For the alrplane Cpo = .0110 and

£'s 6.18 £t.2, |

The Ho-229 was deslgned for 7 g "safe load
factor" with s safety factor of 1.8 making ultimate
load factor equalling 12.6.

RESTRICTED!
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The gross weight with guns, etc. isg 18 750
wing area_is 560 sy.ft. and span is 66 ft. Tc’)p 5p:égg.,
i,s, approximately 590 mph and rate of climb at 16,550
lbs. 1s 4330 ft./min. Service celling 138 claimed to

be 52,500 ft. d
oo 22,5 ana duration is 3 hours with 635 gallons
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EF 127 - ‘"wALLI"

_ The EP 127 is a rocket propelled target Defence
Interceptor. It is a Junkers design. It i3 not known
if an airplane of this design has ever been built.

Power Plant 1 x IWK 109-509

Thrust range 440-3750 lba,

Cruising unit - 830-660 1lbs.

Take-off Horizontal

Landing on skids

Armament 2x MK 108 (60 r.p.g.)

Wing Areas 96.7 sy.ft.

Fuel - T-3Stoff 2400 1bs.,

~Fuel - C-3toff 1100 1bs.

Welghts

Agssisted take-off units 398 1bs.

Take-of'f weight 6540 1bs.

Flying weight,at take-off 6140 lbs.

Welght - Fuel expended 2720 1hbs.

Viing loading at take-off 68 1lbs/sq.ft

Wing loading-fuel expended 28.8 1bsg/sy.ft.

Performance

Level Speed 630/5.L., 560/36,000 ft.

Rete of clinb at S.L. 26,200 ft./min.

Range after clinb 66.5 m at 435 mph st 16400ft.
. ‘ and 61.5 m at 435 mph at 32800ft,

Endurance 9.6 min. at 435 mph at 16400ft..

and 9.17min. at 435 mph at 32800ft.
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THE LIPPISCH LP - 11

The LP-11.18 a low aspect ratio flying wing
intenaed for use as & fighter. A glider verslon was
in process or construction at the close or the war, but
was nrt completed.

The ship was to be powered with two Junkers 004
gas turbine jJet engines and has a gross welght of
16,000 lbs. The total wing area is 539 sy.ft. and
has a sgpan of 55.5 ft. which gives an aspect ratio of
2.34. The wing has root thickness ot 17%, tip thick-
ness ol 9%, and has no twist, The wing profile is
the Lippisch configuration deseribed in the airfoil
section of this report. The maximamtooccurs at 37% of
chord for the root section and 33% for the tip. The
alrfoil 1s a« symmetricel section. Without flaps, the
maximam 1ift coefficient 18 1.0, and with slots and
flaps is 1.2

The wing panels are wood, have no shear webs,
and are tiled all around the periphery to the fuselage
by a series of bolts. Two beams then carry the load
through the tuselage. The shear webs in this carry-
through are not continuously attached to the caps,
belng connected only by a series of blocks glued to
web and cap with 8 inches or s o between blocks.
Between blocks the wooden web has no fore and aft
restraint being free-edged top and bottom,

The over-all length of the ship is 23 ft. A
very rugged tricycle landing gear is used to uallow a
high rate of descent on landing. The armement was to
consist of 2 103, which 1s the long 40 mm. cannon,in
each wing.  An alternate installation is a 7.65 cm.
tank gun in each wing. The fuel is all carried in
the wings, 475 gallons in each panel.

High speed in level flight 'is estimated to be
650 miles per hour at 19,700 ft. altitude. Cruising
speed is 550 mph and a range ot 1870 miies 15 expected.
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THE LIPPISCH LP-12

This ship was proposed by Dr. Lippisch, but was
never built and only a small amount of engineering work
was done on it. It was to be powered in flight by s
Iieguid fuel athodyd built into the plane. It was
expected to be a supersonic airplane.

The total wing area was approximately 595 sq.ft.
and the aspect ratio was 1.33. The wing section was
Dr.Lippisch's special elliptical profile with mexiimm
thickness at 45% chord. The wing had no twist.

The undercarvriage consisted of a single main
wheel and wing tip skids . Junkers 004 gas turbine
fuel punmps were used to transmit the fuel from the
tanks to the burners.

The ratio of duct. entrance area to the maximum
cross-sectional area of the combustion chamber was

approximately .4. The power was to be controlled by
adjustable flaps at the jet exhaust.

[RESTRICTED|
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86
THE LIPPISCH LP-13

This ship was & low aspect ratio fiying wing
powered with a coal burning athodyd. A glider version
of this airplane was almost completed at the end ot the
war and is known as the DM-1.

The wing area was 215 sy.ft., gross weight was
5080 1lbs., and the maximmm level flight speed was
intended to be 1020 mph. The wing span was 19.7 1't.
and height from bottom of sxid to top of fin was 10.65
ft. The wing aspect ratio was 1.8, The airfoil
section is Lippisch's elliptical profile with maximmum
thickness at 45% chord - the same as on the LP-12.
Sweepback of the wing leading edge was 60°, Total
length from leading edge of the duct to the wing
traeiling edge at centerline of ship was 22 ft. Ths fin
and two outer panels were separated from the center
panel, which is the athodyd chamber, by cooling air
ducts. The wing had no twist or dlhedral,

Becausg of the high angle of attack on landing
(as high as 35°), a windshield was provided in the
bottom of the wing for pilot vision. Although a skid
for landing 1s shown in the accompanying sketch, the
gllder version has a tricycle landing gear. %This is
possible hecause there is no power plant in the center
panel of the glider.

According to wind tunnel tests, the LP-13 is
just barely stable directionally, probably due to the
comparative inefficiency of the vertical tail. It has
a low aspect ratio and 1lts center of pressure has a
poor lever arm, to the center of gravity because of its
long, narrow shape. This large fin also produced an
excessive amount of drag and was not considered satis-
factory for a supersonic airplane.

The power plant is ot special interest. Very
simply, it 1is just a basket of lumps of coal centrally
located in the burning chamber of the duct. This type
of power plant has not been fully developed and its
perforrmance is not too definite, although extensive
tests were being run in wind tunnels by Dr. Lippisch.
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THE MESSERSCHIITT TAILLESS JET BOMBER.

In the Fall of 1944, Messerschmitt began the
investigation of designs for a jet bomber to carry
8800 Lbs. of bombs for 4350 miles at 500 mph. The
design study was based on using four HeS 011 jet
engines of 2860 lbs. statlc thrust each.

A convéntional arrangement with a tall was
found to be less promising than a tailless arrange-
ment for combined range and high speed. The following
figures are for the latest arrangement studied, but
are for a range of 3100 miles. Take-off weight
would be incressed to 77000 1lbs. to get the 4350
mile range.

Wing Area cee oo ee. 1290 sy.ft
Span . ‘o “es 65.6 ft.
Aspect Ratio .. e N 3.33
Taper Ratio ... . e .25

Tip chord ‘oo .o s 7.9 £t.
Root chord ... .o roe 31.5 ft.
Sweepback ... . ... 45° at 25%C.

Thickness ratio~root and tip 10%
Max.thickness of wing at .. 55% chord

Take~of f welght .o ... 67,600 l1lbs.
Landing Welght .o .o 30,100 lbs.
Wing loading at take-off .. 62.4 1b5/sq.ft.

Wing loading at landing ... 23.95

Take-of f would be by rockets or catapult on a
trolley, the landing gear being used only for landirg.
The ship was to be cruised at all times at its opera-
tional ceiling - which varied from 16500 ft. after
take-off to 33000 ft. near the ena or flight. It was
proposed to crulse at a speed conresponding to a
point on the drag curve just below the compressibility
drag rise. The cruising drag coefficient was expected
to be between .010 and .01l3.

Slotted flaps and leading edge slots were to be
used which gave a Opypx of 1.4. The wing was to be

metal, although a wooden wing outboard of the engines
was being investigated as a method of reducing the

cost of manufacture.
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The bombs are in the fuselage and most of the
5500 gallons of fuel would be stowed in the wing out-
board of the e ngine ami wheela, the remainder being
in the fuselage above the bemb bay.

The ruel tanks are unprotected, the fuel being
heavy oil (melting point about 0°C) and relatively
non-inflammasble, It would be kept fluid by immersion

heaters. This fuel was used because of its ¢heapness
and the fact that it was available in the Vienns
region.

The c.g. of the alrplane was to be around
18-20% of M.A.C. with u maximum trimmeble travel of
5"6% M.A.Cl

Barly in 1945 the Government decided that
Messerschmitt did not have sufficlent engineering
manpower to handle the bomber desl gn and turned it
over to Junkers and the Horten Bros. The work done
by Junkers is covered in the next pages.
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THE JUNKERS TAILLESS JET BOMBER.

The Junkers Design Group had just begun work
on a jet bowber to fulfil the specifications already
mentioned for the Messerschmitt bomber. - Although
no drawings or data were available, the following
information was obtalned from Mr. Gropler, Chief
Deaigner of Junkers.

The ship was to be tailless with the vertical
stabilizers located at the trailing edge of the wing
at approximately the middle of the semi-span. This is
similar to the Junkers EF 128 arrangement.

The wings have approximately 40° sweepback,
aspect ratio of 4.8, area of 1290 sq.ft., span of
78.7 ft. The gross welght is approximately 77000 lbs.
and the maxlmamn level 1light speed approximately
620 mph. The renge i8 3720 miles. All fuel is kept
in the wings in tanks which are insulated because of
the low melting point of the fuel. The tanks are
not bullet proof.

The fuselage consists only of a nacelle jutting
forward of the wing at its centerline. This nacelle
hoids the crew, nosewheel and most of the eyulpment.

The bomb bay 1s at't of the cabin and the bombs
fit into the root airfoll contour. One layer of eight
bornbs (two rows of rour) 1s provided for,

The 4 He 0ll jet units are mounted abreast above
the trailing edge or the wing (about half of the power
plant extends forward of the actual trailing edge of the
wing and half aft of the tralling edge). All four
motors are enclosed in one nacelle and a boundary layer
duct runs between the nacelle and the wing surface. The
center section of the wing is the same span as the width
or this nacelle and the bomb bay runs the full span of
the center panel.

The main landing gesar retracts trorward and in-
board to a location just outboard of the bomb bay. The
nose wheel retracts aft.

The plane carries no armament.
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4. STANDARD E%UIPMENT FOR WILITARY AIRPLAKES

The following 1list of equipment is skandard

for all German design aircraft and enumerates in detail
the eyuipment referred to in the section dealing with
the sircraft submitted in the recent fighter design
competition.

I. Equipment ror Fighters

A. Fundamentadl EQuiQment:

1.

Current supply euuipment

generator-1000, 2000, 3000 watts
battery 24 volt 20 amp hr.

(a) Ignition equipment (Reciprocating engine)
Bosch Magneto lgnition with buzzer boost coil.

(b) Ignition equipment (Jet engine)

Starting - Bosch vibrator coil
Running - Hot wire

(e) Starting eyuipment (Reciprocating engine)
Bosch - Intertia starter motor (elect)
(b) Starting equipment (Jet engines)

A small erectric starter started a small
reciprocating gasoline motor which in turn
drove the jet engine compressor shaft to
starting speed.

(a) Power plant instruments (Reciprocating engines)

R.P.M. indicator
Manitold pressure

0il1 - pressure and temperature
Fuel pressure '

Engine temperature indicator
Fuel supply

Switch for controlling fuel pump

RESTRICTED
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(b} Power plant indicators (Jet engines)

Te

R.P.M. indicator
2 renges 0-2000, 0-10,000 R.P.M.
Gas temperature 300-1000°C.
Fuel injection pressure
Fuel supply (elect)
Elect fuel pumps

Variable Pitch Propeller, manufactured by VDM,
including Electric Prop.Piteh Motor. Constant

Speed control unit electrical, manufactured by
A.E.G.

Navigation instruments in a separate group
located on the pansi.

Daughter compass
Alr speed indicator (True uir speed, altitude
compensated)

Hate of ¢limb indicator

Vombination artifieial horizon and turn and
bank indicator

Altimeter

Radio blind landing indicator

Pitot head heater indicator

For alrcraft with high lach number, a gyro
stabllized saturated megnetic core type of
indicator similar to the Fluxgate compass
manuractured by Askenia is used.

Instmiment Illumination, Ultra Violet Light,
fluorescent figures.

Electrical Flare Shooting Eyuipment

Flares were diéeharged automatically by
operating e switch. Each flare contained
identifying colors. :

Radio set, "type Fu G 162y, Ultra Shopt Wave
from plane to plane and from plane to ground
with additional direction and range measiring
faclliities.

To rind uirection wnd range the pilot contacted

the ground stetion. The ground station sent
& pulse which was rebroasdcsst instantenecusly

DESTRICT
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by FPu G 16zy was again picked up by the
ground statim. From this, the ground
station could calculate direction and
range. Further development on Fu G 15
or 24 was planned. ' '

Receiving antenna - Profiled pole
Sending antenna - Sling or Area type.

Fu G 25 operated as plane carried recog-
nizing equipment for antl-aircraft batteriss
and as direction indicator for the ground
station.

10. Elevator trim wds acconmplished in two ways:
1. The conventimal trim tsb on the movable
surface controlled mechanically from the cockplt;
2. an electric motor which changed the angle of
attack of the whole elevator surface., -This
motor contmilled by a reversible switech in the
cockpit. An electrical indicator showed the
position of the surface in the cockplt.

11. Hydraulics:; - Landing wheels and landing Ilaps
were operated hydraulically. Position indicated
electrically by lamps or magnetic indicators.

A new electric-hydraulic wheel and rlap operator
was planned, using a ball-bearing screw Jack.,

The screw was planned to be made by rollong up

the thread form out of hard material on a mother
form and casting this thread form in place. The
object was an inexpensive way of manufacturing.
The long thread took form of the nut and the short
unit, around which the ballas were fed, carried
the external thread.

12. The instrumentation for the oxygen system
consisted of a flow indicator similar to our
blinker type, also a cabin altitude pressure
gage, altitude warning indicator and oxygen
indicator.

© B. Auxiliary Equipment

1. Auto Pilots
EKS 12 and PKs 1l by Patin

RETEDL oo '
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K12, K22 and K23 by Siemens
PKS 11 by Patin for stabllized flying
at a target

2. Bomb release mechanism and fuse setters

Type ASK-R Bomb Sélector sSwitch
Type SV 10 Intervalometer

Fuge getter: Ola system operated on 240-volit
DC. This system incorporated the automatic
setting or the fuses for sither instantaneous
explosion upon contact with target or delay after
penetration. This system also incorporated the
releasing of the bomb for either diving or level
flight.

The new system incorporated the additional
feature or being able to set the fuse for a time
delay after release of bomb. The new system
operated on 500-volt DC and the timing of the ruse
was proportional to the voltage applied to the
fuse mechanism,

S. Electrical and Armament Equipment
Trigger mechanism MG 131 and Mg 151, electro-
magnetic. Both electro-mechanicsl and electro-
pneumatic trigger operators were used. For type
numbers see report No.7.
Electrical Detonating System:
MG 151 - both mechanical and eiLectrical
primer detonation.
MG 131, 108, 109 and 101 - electrical only.
Charging liechanisms:
All machine guns or cannons have electro-
magnetic charging mechanisms with the eXception
ot the frollowing types which apre mechm ical:

Flak 18, Flak 43, MK 214 A.
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4. Sighting Equipment:

EZ 42 was the only complete caleulating
sight. Further development of sighting
equipment for fixed guns included an
apparatus designated as "Faun" which was

a combination of EZ 42 and Fu G 217 or 218
which 18 & radio range computing mechanism
which automatically gives range to the sight.
"Oberon® incorporated the same principle
with the addition of a ecalculating mechanism
for rockets. '

5. Receiver FPu ¢ 29 with Push Button Operation for
commander alircraft only. .

6. Additional Navigation Equipment:

A device was being worked on for the integra-
tiocn of course direction and distance. It
operated from air speed, compass, and gyro
position. it sutomatically integrated the
rlight path so that the plane's position could
bé read instantaneocusly at any tims. Ground
wind (direction and speed) could be turned in
manually. This device was originally planned
by Messerschmltt and given to L.G.W. 3liemen for
further design. It was in limited production,
perhaps fifty (50) built.

JI Bad Weather Pighter Additional
ryulipment

A. Radio Set, type Fu G 120 K equipment for navigation:

1. It sutomatically records on a paper chart the
direction to a ground station that is tuned in
manually on the radio set. This equipment
operated from a ground station with a rotating
beam antenna.

2. Fu G 120 Blind Landing.Receivers: This could
alsc be used with the rotating antenna ground
gtatlion for navigation. The ground station
could record a messSage on the paper chart of
the Fu G 120 K equipment. A4 further combination
wag planned using "Eule" which was a system
using 1% centimeters in cowbination with "Faun"
and "Oberon"” for automatic firimg of guns or
rocxkets. ‘
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JITI Additional Eyuipment Used in Night
- Flghters.

A. Night Fighter Search Equipment:

l, Fu G 218 1 to 2 meters Diapol antenna.

2. "Bremen O" or "Berlin" both 3 to 12 Cm
wavelength using parabolic reflector.

B. PFu G 360 ZC = cheiv:l.ng Set for Night Fighters:
This is a warning system that pilecks up the
eneny radar signal and warns the pilot that he

is within striking range of the enemy night
fighter.

IV Additionsal quipment for Two-man Fighters

A, Radio set Fu G 10 P long aistance sending and
receiving commnications transmitter receiver.

B. PFu BL 2 Equipment:

This is additional to the Fu ¢ 125 blind lending
equipment to give altitude information cn approach-
ing the field for ecomplete blind landing. Defence
Armement: Hemote controlled turrets, type FA 3,

FA 15, FA 10 or FA 6.
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II. SELF PROPELLED MISSILES

Germany's development of self-propelled
misslles, both unguided and guided, is of special
interest as an extension of aeronautical science.
The aerodynamic problems have been fairly well
answered, but the control and dlrection of the
misslies had not been developed sufficiently to make
the missiles fully effective. The variations in
direction methals do not fall within the scope of
this report, and the aerodynamic developments are
the same a3 those applicable t o normal high speed
alrplanes, but the status of missile development and
data on typical Flak rockets will be incorporated.

: The misd les that had been cénsidered are
a8 follows:

A. Long Range Weapons

2. 8-103 (the V 1)
3. HDP
4. Rheinbote

B. Anti-aircraft Weapons

1. Unguided Missiles
a. Taifun

. Rym (Oxan)

R 50 Bs

. R 100 Bs -

2l cm RBs

21 em Wgr 42Bs

Ho 0T

2 Guided Mlssiles
a., ,Schmetterling 8-117
b. Engian
Rheintochter
Wasserfall
. X 4
8~-298
8~-117 (H)
Natter

SRHO Q0

At the end of Pebruary 1945, the status of
the misai les was as follows:

-3

97 [

A. Tne rollowing had beenc¢ ompleted and were in

production:
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1. A-4 (the V2)
2. 8-103 (the V1)

B. The tollowing had priority in development
and pllot production:

1. Taifun

Rym (Oxan)

. R 100 Bs

21 cm RBs Spreng Granate Bord:
. 21 cm Wgr 42 Bs

. Zieldarstellungs GBrat 8-246
Bienenkorp

(Note that these are all unguided missiles)

\1030'“#01[\3

C. The rollowing weire to be closed out at the
end or the development period:

l. 8~117 Schmetterling
2. 8-344 (X4)

3. Abwandlung Wasserfall
4, Natter

D. The followling #ere to be closed out at.
once: .
l. Enzian
. Rheintochter
. R 50 Bs
8-117 (H)
8-298
Flak R 42
HOP

~ O i O D

The following data witl give a g eneral
%icture ol the types of developments in Flak rockets
anti-aircraft weapons).
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NAME Wasserfall Rheintochter Enzian Schmetter-
. 3 ling
TYPE Supersonic Transonic Subsonic Subsonice
DEVELOPED BY Electromech- Rheinmetall Holzbau  Helnkel
anische Werke Borsig Kissing
Length- ft. 25.7 16.4 12.0 14.05
Span -~ f%. 8.2 10.4 13.1 6.6
Diameter- in. 34.6 2l. 35.4 13.8
Weight Empty  2890. 1160. 860 330.
(less explos.-
lbs.)
Wt .of Launcher  none 617 376 220
Chamber Powder none 3562 330 176
Welght of Main
Propulsion Unit
Fuel 794 194 232 29
Oxygen and
| § Qontainer 3300 740 1000 132
Compressed .
Air 143 40 - ™ 7
Wt.of Explosive 670 352 660 55
Tot .Starting Wt.7800 3450 3500 950
Wt.at Garget 3550 1500 1630 590
PERFORMANCE
Launching direc. Vert, Incl.. Incl. Inel.
Tot.Impulse
(1b.sec.) 792,000 231,000 273,000 57500
Total Launching
Thrust 27,600 81,000 15,200 7,500
Launching
Acceleration-~
£t/sec< 72 540 120 253
Vel.at Target
ft/sec 2520-1150 13L0-655 820 app. 790 sapp.
Vel.at End of g
Burning ft/sec. 2520 1340 890 790 .
TYPE OF LAUNCHER none Powder Powder Powder
Impulse-lb.sec. - 55,000 53,000 30,000
Duration -gec. -~ 1 6 4
Thrust - 556,000 8,800 7,500
Fuel Cons.lb/sef. =~-~= 352 55 44

TRICT
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100
&ﬁIN PROPULS.UNIT Iiquid Fuel. Liuuid Liguid Liguid
- Fuel Fuel Fael
Compress.Air Corpr. P Compr.
‘ Air Air
Impule~ lb.ssc. 792,000 176,000 205,000 27,800
duration - sec. About 45 thout 45 About 62 About 57
Thrust i7,600 3750/ 4400/ 835/130
5070 220
Fuel Cons.
lbs/sec. About 90 About 22 About 20 About 2,9
The test records on these misslles are given
below. The figures in psarenthesis indicate the nunber
that did not function properly: ‘
Name Max.Ht. Range Number Without Preset Radlo
(FPt.) (miles) Launched Control Control
(totals)
Schmetter- From
ling 26,000 13.85 Ground 2 (1) —-— 47 (27)
: - 49 (59)
"From Alr
20 (21) 20 (6)
Total
69 (80)
Enzian 45,300 15.7 23 (24) 23 (14)
Rheintoch-
ter 49,800 11.8 82 (88) 39 (14) 21 (8) 22 (4)
Wasserfall 60,000 16.5 25 (28) 1 (0) 24 (10)

The Taifun is also of interest. It is a super-
sonic rocket of 3.5 in. dlameter, total weight of 44 1lbs.
fuel weight 22 lbs. and an impulse of 4400 lb.sec. corre-
sponding to an exit velocity of 6400 ft/sec. Two designs
differ slightly, Talfun F being 63.5 inches long, total
welght 44.6 1bs. fuel welght 23.8 lbs., duration 2.5
seconds, chanmber pressure 50 atmospheres and launching
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gcceleration 1250 ft/sec.®. Talfun P is €9 inches
long, tectal weight 53 1bs., fuel weight 26.5 lbs.,
durstion 1.5 seconds, chamber pressure 100 atmospheres,
and launching acceleration of 1970 ft/sec?. The
explosive load of each 1s 1.45 lbs.

The drag coefficients used for computing the
trajectories ot the Taifun are as followg:

IHAGH NO. ,5 1.0 1.3 2.0 3.0 4.0 4.5

Cp 195 .33 .52 .38 .27 .225 .22

A typical control method was used on the
Schmetterling, The missile had both receiver and
transmitter and the target was tracked by one device,
the mlisd le by another, A computer for lead and
parallex furnlshed appropriate control signals.

Seven schemes consisting of combinations
of existing tracking devices are covered under the code
names Burgund, ranken, Hansa, Elsass, Brabant,
Parsifal and Lohengrin. It is interesting to note
that commnon practice for all directing methods was to
direct the missile along the pursuit curve - i.e.
always pointing at the target, rather than along an
interceptor line.

Proximity fuses were to be used on all
missiles. According to Dr. Ugsenburg ot the Relch
Research Councll, German research had shown that the
erffective radius of 250 kg. (8550 1lbs.) of high explo-
sive against a 4-engined bomber was less than 20 meters
(65 £t.) Dr. Wurster, on his latest verd ons of the
Enzian, was using a warhead of 2200 lbs. to increas
the effectiveness range. ' .
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III. DESIGN DEVELOPMENTS AND PROCEDURES

1. Introduction

This division of the report is a surwvey of
the latest information, technigues and theories that
the Germens used for their most advanced airplane
designs.

No one subject could be thoroughly covered
in a report ot this scope, but enough information
has been given so that each it'en can be evaluated,
and further information can then be obtained through
the air Document Research Center, C.1.0.3. Reports,
and other sources. Yhere possible. specific
references have been given.

It should be realized that German aviation
was very highly developed. Through their airfoil
design and the application of sweepback, German air-
planes were attaining level flight speeds above 600 nmph
or a Mach Number 1n the neighborhood of .85. The use
of sweepback to postpone the drag rise due to compressi-
bility had led to a very definite trend toward flying
wings (tailless airplanes)., This trend, in turn,
entailed much study and development in the field of
preventing tip stall, increasing Opyax, end providing
good high speed control.

The development of high lach Number Flak
rockets, as well as that of supersonic airplanes such
as Dr.Lippisch's, led to much work in the transonic and
supersonic regions. Very high speed wind btunnels and
Germany's excellent mathematicieans had produced a great
deal more progress in these regions than exists else-
where in the world. Accompanying the progress into the
design of high speed aircraft was a similar development
of high speed aircraft propulsion units, espetially
the athodyd (propulsive duct or Loren unit).

Many approaches had been made to the aiircraft

problems, many tests had been run, and mich information
had been accumiiated. Some oi this is given in the
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2. AERODYNAMICS

A. High Speed Airfoils

_ In general the attitude of the German
aircraft industry toward laminar flow alrfoils, as
on the Hustang. has been quite indifferent. There
were 3everal reasons for this - the lower C
was not thought necessary or good; there L fear
of aileron ineffectiveness at low deflection becsasuse
of the cusp trailing edge; and the airfoil drag
performance was not considered as good as for the
German high speed ailrfoils.

According to comparative tests, the
Mustang airfoil, although it had a lower drag
coefficlent below critical Mach number, reached its
R at a lower speed and increased in drag co-
efficlient faster with Mach number past qritical
than the good German airfoils.

Generally, the German airfclils agreed
in that most of them hed elliptical nose sections,
maximim thickness at 40 to 50% of the chord., and
straight sided trailing edge section with a maximm
included angle of 14° to 15°, Critical Mach
numbers were in the neighborhood of .8, varying
with thickness ratio - with the emphasis being
placed on making the .irfoil as thin as possible,
of course, Critical Mach number throughout this
report is defined as the Mach number at which the
drag coefficient begins to rise rapidly.

For supersonic flight, such as for
flak-rockets, the two-arc airfoil was most sericusly
considered (with slightly rounded leading edge).
This was usable on flak rockets because the angle
of attack could be kept very low and .low speed
behavior was of no importance. Dr. Lippisch
claimed that his wirfoil wag a good compromise
for use on an actual super-sonic airplane that had
to fly at low speeds, also,because of its low
CDMAX/UD Low speed. (See further uiscussion of
Lippisch Section)

Below are given the opinions of
several of the more prominent airplane designers

RESTRICTED
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in Germany on the design of high speed airfoil
sections,

. s

(1) volgt - Chief Designer at Messerschmitt
v

A symmetrical section is favored for two
reasons.

{a) Because there are no "disturbances of
moment" at negative Crp. (The likelihood of large
pitching moment in a &ive is less.)

(b) Because at high Cy. or high g, although
the shock wave forms at a lower Mach no. than it
would on a cambered section designed for this Cp,
it forme near the leading edge where the boundary
layer is thin and thus the turbulent break away is
less severe up to higher Mach number.

The nose radius 1is considered relatively
unimportant, but the point of maximum t/c should be
behind 40% chord. If,the maximum t/c is behind 40%
chord. then a cusp trailing edge should be used to
give a satisfacbory pressure recovery,

In no case should a trailing edge angle
greater than 14° be used - otherwise it is diffi-
cut to get stralght curves of C; vs X , Cr vs @
(flap), Cr, vsf (aileron) and EH vs f (&ileron).

The most recent airfoils used at
Messerschmitt (other than on flak rockets) are
determined as shown below.

The airfecils are symmetricsal with maximm
thickness at 40% of chord. The thinnest section
used was 8% of chord, thickest 12%. (The 8% section
was at the root, the 12% section at the tip on the
Me-110 high speed airplane - see discussIE% on
sweepback).

The nose radius is given as aE, where E is
the radius of an ellipse with the thickness as minor
axis and 40% chord as semi-major axis.

a = ( actual nose radius )2
( hose radius of ellipse)
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For the 8% section, a = 1.19, for the 12%
section, a = 1.0. The larger nose radiusg on the
thinner section was done for two reasons - a slight
beneficial effect on CryMax and the holding of a
constant nose sectlon on the wing for menufacturing
reasons. '

Forward of the maximum thickness point the
sections ars very nearly elliptical, the eyuation

being:
4 2
Y * Yoax \//1 -(m-x"xF
m
where Y = ordinate

m = position of max thickness

X = abeclssa trrom leading edge

F = a factor swelbing the ellipse

F¥1-a (m-x)

=)
This rorm of nose shape is claimed to have
advantages over the plain ellipse from the pressure
dlstribution standpoint.

The eyuation of the section aft of the -
maximm thickness point 1s of the torm

yrag x® +axt e it A

The constants are determined by the
conditions -

At the jJjunction point,

¥ tail part = y nose part

d¥ tail part = 4 nose part
dax dx

d E ’ da no t
taill part it 3¢ par
P a_%

And at the trailing edge,

y=20
AdY e
_a¥ tan(} trailing edge angle)
a<y
S
(For the 12% tip section, another term Agx® was
included in th b uati y
Approved FareRetease ﬁ@é&‘%@@Aﬁﬁ?&g&i@ﬁ@é&iBb%ooo1 3
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.8olution. This was doneé to maintain a constant
trailing edge section over the span - again for
manufacturing reasons)

(2) Gropler - Chief Desligner at Junkers

For high speed, the airfoil should be as
thin as possible, ?12 % chord maximum) and the
point of maximum thickness should be between 40%
and 45% of the chord.

It is felt that the trailing edge portion
of such an uairfoil has the greatest influence on
critical Mach number, while the leading edge portion
influences Cr, Theretore it is possible to
compromise anyAlbtaln good 1lirft characteristics
while maintaining minimun drag. 'The procedure to
use is to design first a symmetrical airfoll for
low drag and then "wrap" it about a curved chord
line that will produce a desired CrMax while
maintaining Cy = O at K= 0°. (Reverse camber)

This procedure was used at Junkers in the
design of the Ju-287 and 1t 1s claimed that the
cambered airfoil had a slightly higher M than
the basic symmetrical section.

The procedure recommended i3 as tollows:

. For the basic symmetrical airfoil, the
leading edge portion is tirst laid out as half an
ellipse with the minor axis equal to the thickness
and the major axis equal to twice the distance
from the leading edge to the point of maximum
thickness. Then this nose is faired in the
forward portion so that the leading edge radius
ig 3 to 3 that of the original ellipse radius at
the leading edge.

From the point of maximum thickness, the
curve tangent to the forward ellipse and terminating
at the trailing edge is the same as the one used
by Messerschmitt.

y = A5x5 +A4x4 + onoooo-l+ Ao
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The solution is made similarly to
Messerschmitt's, except that Junkers used tan
(# trailing edge angle) = .1 and recommended less
for sections less than 18% thick.

With the symmetrical airfoil thus deter-
mined about a straight chord line, its ordinates
are then used on a curved chord line. This curved
line can be found knowing the camber in” the rorwand
portion to obtain the desired Crmax and the reverase
curve necessary to have Oy = 0 &t7 &K= 0°, Junkers
figures for the Ju-287 were .015 C camber ordinate
at 20% chord with the reverse curvature causing :
an intersection of the basic straight chord line at
90% chord.

(3) Dr, Lippisch - Head of Aeronautical University
' of Vienna _

A symmetrical section is favored, largely
because Lippisch was trying to design for super-
sonic speeds and he felt that the trans-sonic region-
could only be "pierced™ in a gero 1lift dive with no
wing moment change and he believed a symmetrical
sectlon was the only one that gqualified. .

The airfoil section recommended 1s of the

equation
| y=h (1~ x°)/x

wheére h ‘ constant that determines
thickness. ‘ :

. This equation produces maximim thickness at
45% chord. Varying the exponent in the term
{1 - x®) varies the point of maxiimm thickness.
When a = 1, eyuation is that of the Munk profiles
where maximm thickness 1s at approximately 33%0.

When this airfoil was uged on Lipplsch's
triangular shaped wings, the center of pressure
remained at 50% of root chord until M = .9 then
moved to .45C and above M = 1.0 went to .60C and
stayed.

RESTRICTED
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The ratio of maximm drag coefficient to
low speed drag coefficient reached a peak in the
neighborhood of M = 1.2 to 1.4 and was 4.5 to 1,
while for normal sections it %s 14 - 20 to 1.
CrMax 18 1in the region of 1.0 depending on thick--
ness ratio.

(4) Multho®p - Chief of Aerodynamics at
Focke-Wull.

In general agreement with Gropler and voigt,
Multhorp believed that the most important ttems in
a high speed airfoil were that it should be kept
a8 thin as possihle, the point of maximu~ thickness
should be between 40% and 50% of chord, gnd the
trailing edge angle should not exceed 15°.

He did not believe that the leading edge
radius was important, within limits, except for
its effect on Cprmax-

Multhorp thought the best approach to a
high speed airfoll was to make pressured istribution
cdlculations and vary the airfoil to maintain as near
a8 possible constant pressure distribution. He
admitted, however, that this had been tried at
Goettingen with little success at actual prediction
of Mgp. (The calculations predicted a lower
than actually was experieneed in wind tunnel tests.)
However, these Goettingen calculations formed the
Pasis for all airfoils that have been mentioned
in this section,

(5) EKaiger Wilhelm Institute fir Stromngsforaschung
Gdttingen.

The theoretical calculation of high speed
airfolls was perrormed in the fluid mechanics insti-
tute at G8ttingen under the airection of Dr.Riegals.
Dr.Holstein conducted wind tunnel tests at Reyerhausen
and Braunschweig up to Mach Numbers of 1.6, on airfoil
sections having elliptical noses and riLat suwfaces over
the rear 20% of chord. .

Dr.Relgels had also developed an approximation
for the rapid calculation of pressure distribution
wiiich was published in Deutsche Luftfahrtforschung in
1942, He had likewise solved the reverse problem of
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calculating the s ection reyuired to produce a speci-
fied pressure distribution, by an extension of the
game method, and had developed a series of aerofolls
with graduelly increasing favorable pressure gradient.
Using the methods of Schlichting, Dr.Reigels derived
the theoretical laminar flow instabliity point for
each of these sections and confirmed schlichting's
earlier results that the laminar flow deteriorated
repldly at Reynold!'s Numbers above elght to ten
millions.

Dr.Reigels was of the opinion that the critical
region of actual transition to supersonic flow 1s
between M = 0,8 and 0.9. Beyond li&ch Numbers of 0.9,
because nearly aLl the velocity over the airfoil 1s super-
sonic, he feels that the flow is wekl enough established
so thaot no additional complications reas lt.

Professor Betz has been successful in calcu-~
lating the position of the shock wave on the alrfoil,
by equating the drag resulting from the pressure changes
over the airtoil to the loss across the shock wave.
The theoretical results agree, up to Mach Numbers of
L4, with Schlieren photographs taken of the actual
alrfoil sections under consideratiocn.

Protessor Tollmien has performed extensive
calculations to demonstrate that the shock wave
is not necessarily a product of the boundary layer;
but that it can, in fact, exist in the abgsence of a
boundary layer on a smooth curved sarface. Professor
Tolimien did not consider the problem of locating the
shock wave agssociated with a given surface, but instead
considered the opposite problem of finding a surface
which can be streanmlined in a flow with a glven shock
wave. This has been accomplished by the method of
characteristics combined with the application of a
transformal confirmation. ~
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The following reports were written by members
of the Kaiser Wilhelm Institute fiir Stromngsforschung
at Gottingen on the subject of high veliocity fluid
flow, Mcerofilm coples of these documents, in the
original German; can be obtal ned from the Air Document
Research Center,

Theoretical investigations on steady potential flows
and boundary layers for high speeds. ILilienthal-
Bericht $-13 by Kl. Oswatitch and K.Wieghardt.

Elaboration of method similap to Pohlhausen-
Verfahren procedure for the calculation of
laminar compressible boundary layers with a
specified pressure distribution. Considers

a8lso the mitual influence between potential

flow and boundary layer flow in the supersonic
regiue. Starting with an exact solution at a
great distance from the body, the form of the
body and its pressure distribution is calculated
step by step.

Expsrimental inv¥gstigation of the compressible fliow on
and near a curved surface (Parts T and IT) Unter-
suchungen und Mitteilungen, nr.6608 and 6611 by
¥W.Frossel.

Results of the investigation of flow on and

near a curved surface, to evaluate the influence
of the exceeding velocity on the curvature.
Examination by means of Static pressure surveys
were made and spscial consideration was paid to
the region where the sound boundary isg surpassed.
The pressure measurements have been converted
into velocity valves and Tepresented in indi-
vidual diagrams for comperison.

Transition from subsonic to supersonic flow
Jahrbuch der Deutschen Luftfahrtforschung 1943
by K1. Oswatiteh and W. Rothstein.

Outlines the solution for a Laval nozzle and
gives the application to any other condition
of symmetrical flow in two dimensions about
an axis.

Tne methods of characteristics in hydrodynamics.
Zeitsehrift fir angewandte Mathmatik und Mechanik,1945,
by K1. Oswatitch.

Elucldates and simplifies the existing method for
the examination and calculation of steadily axially

S8ymmetric supersonic rlows and of unsteady one
dimensional flows.
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2. AERODYNAMICS

B. SWEEPBACK

: The use of sweepbsck (or sweepforward)} to delay
the onset of the compressibility drag rise 1s probably
the outstanding feature of experimental and proposed
high speed alrplanes in Germany. Although the Me-16
was the rirst combat airplane with sweepback, almost
every German airplane designed since that time has
incorporated some form of sweep &s a means of
increasing its speed.

Although no three dimensional theory for the
airflow around a swept-back wing exists, the simple
two~-dimensional theory has been gqualitatively proven
in the wind tunnel and flight. Roughly, sweepback
of the order of 36° on wings of aspect ratio in the
neighborhood of & will increase the critical lach
nuuber by .1, compared to & straight planform.

_ The following discourse attempts to demonstrate
the theory and practice in the incorporation of sweep-
back in German sirplanes,

| The simple physicsl explanation of the sweepback
effect is as follows:

Consider & yand tunnel with air veloclty Vy
spanned by a wing of infinite span moving %panmise
across the tunnel with velocity Vo Then the _
resultant velocity is Vz making an angle
with respect to V3 (or the chord of the wing sectlon).
Pressure distribution, G , and lMach No. effect
would be dependent upon %he chordwise veloclty and
independent of Vg, but the (low speed) frictionai
drag in the direction Vz would be dependent upon Vys.
While V, might be subsonlic, Vs would be greater and
might even be superasonic.

- The case of the sweptback wing is anaslogous,
V3 being the forward velocity and V3 the chordwise
component of this.
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B. SBWEEPBACK

From this, it appears that critical speeds are
determined by the chordwise flow and therefore

MgrIT. With sweepback . 1
WCRIT.vithout sweepback m

Similarly, the slope of the curve of drag rise
with Mach nunber obeys the same law.

NO SWEEPSACK
Cos ceS

)
SWEEPBACK

Cos M
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B. SWEEPBAUK

Tt should be pointed out that the bemneflcial
effect of sweepback is not a function of the effect-
ive reduction in the t/c¢ vatio in the line of flight
due to the sweepback. The following dats for a’
particular case examined are glven as proof:

t/c Sweepback  Critical Sﬁeed
chordwise m.p.n.
12% 0o 562 .738
8% og 575 765
8% 40 612 .804

It is seen that sweepback gives a greater
increase in I{;r at an already higher Mach number
than does an effectively larger reduction of t/c.

. The sweepback theory neglects tip losses,center
jnterference and boundary layer disturbances. Tlp
losses, by tunnel tests, appear very normal - 1if
anything a little less than on straight wings.
Boundary layer disturbances are being approached
mathematicelly at LFA with no ussble results as yet.
Center interference is explained here.

The path taken by a particle of air flowing
over a sweptback wing 1s as shown in the sketch. As
the air particle approaches the stagnation point C,
1ts chordwise component of velocity was falllng
towards zero at C and thereafter increasing again
as the velocity increased over the profile, while the
spanwise component remained constant. The reason for
the cross over at point D is ditficult to explain,
unless as function of energy, but wind tunnel tests
verify its occurrence.
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o
ATri1s avetes 6.8

The practical significance of this flow
ls that, in the central region of a sweptback 3?§§°rn
there develops an ares ot convergent high apeod'rlt’w
with oconsequent high local Mach number and liebility
to high drag and premature brealkdown

AREA oF
Cowvercent Wik
Shesd oW

/

o

o8 Thi] 8 center flow pattern is claimed fo ‘be the
gen:g?ttoftéwzo gatz’h: g about half the theoretical
.. spbac 8 been r
tests of wings slone. - ealized in wind tunnel
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B. BSWEEPBACK

SWEEPBACK ~EXPERIMENT

WirHour /
K1
/ 4
—, Z /
SWEEPBACIH - THEORY
M

It should be pointed out that with 4 carefully
degigned fuselage-wing combination, the interference
effect 18 reduced and with & good leading edge fillet
at the wing-fuselage junction, the drag loss is
further lowered and the critical speed can be equiva-
lent to that at a point outboard on the wing.

In no case, however, except perhaps on very low
aspect ratio wings, 1s the effect of sweepback nulli-
fled by this center interference.

Allerons and flaps are less effective on swept-
back wings because they are subject to the "cosine
law" mentioned ebove in conjunction with compressi-
bility. A rough comparison indicates CrLyay with
flaps of 1,92 for a normal wing and 1.7 wi a typleal
sweptback wing.

Theoretically the shape of the Cp vs X curve is
reduced in proportion to the vosine of the angle of
sweepback and the angle of attack for Cr, is similarly
reduced, so that reduction in Cryax 1s Bloportional to
.(OOSOQ)Q - In practice, however, the loss 18 not,as
serious as this, as shown in the sketch. The reason
was rather hesitantly given as being connected with
the boufidary layer transition.
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B. SWEEPBACK

Mo Sweepsacx

“SWEELPACK -
&y rEsT

e SvEEPBACK THEORY

The Reynolds nunber effect upon C with
sweepback is somewhat as shown in the following
sketch, with the dotted portion of the curve indi-
cating unexplored snd therefore doubtful region.

No SWEEPBACH

C, .~ SWEEPBACK
MAX.

R.N.

A major conocern in the application of swept-
back wings 1s the tendency for Cr, distribution to
peek at the tip(- i.e. produce t%p stall), Thig is
attributed to spanwlise crossflow in the boundary
layer, and it has a favorable etfect on longitudinal
stabiiity below the reglon of stall because 1t
results in & more rearward location of the neutral
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B. SWEEPBACK

point in relation to the mean chord then in the case
of & normal wing due to the more rearward location of
the 1ift C.P. %The outboard concentration of 1lift

is also att because of sweepback).

It is interesting to note that washout ot 6° to
10° had been found ineffective in preventing this tip
stall tendency - general German policy was to use
leading edge slots, although ether methods will be
discussed later.

a detrimental effect of tip stall (or of root
stall on swept forward wings) is the airplane stalling
moment created near complete stall due to the earlier
separation of the aftmost portion of the wing.

There are several structural difficultles
entalled in sweptback wings:

Larger ﬁending moments because the spar is
longer for a given span.
Larger bending moments because of the high local

tip Cg,.
Qery large torsion loads ~ especially at the
fuselage-wing Jjoint.

The theory of sweepback und its application was the
subject of a conference held at G8ttingen in 1941, and
the papers presented and discussed were published as
Lilenthal Bericht, 1941. In general, the whole gain
anticipated by theory was not attained owing to 4iffi-
culties of predicting the airflow characteristics at the
wing tip and at wing centerline. Dr. G8thert of the
Deutsche Versuchsanstalt der Luftfahrtforschung at
Berlin investigated end effects on airfoil s ections,
having 0°, 159, 300 and 45° of sweepback, up to a
Mach Number of 1.0 and his results indicated that it
was necessary to cut off the wing tips parallel to the
center line of the fuselage and not perpendicular to
the wind mean chord linse,

Dr. Walchner at G8ttingen had examined the aero-
dynamic characteristics of sweptback airfoils at
supsrsonic speeds. The results ot his investigations
weré distributed as an Untersuchungen und Mitteilungen
Report in 1944, indicating that at Mach Numbers above
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unity, sweepback is beneficial down to very low
aspect ravios and that the val ue of dUp/d« is
independent of the sweepback angle, providing

M cos . 1.0. These characteristics ars not valid
at subsonic speeds.

Tne chief difficulty arising in conjunction with
the utilization of sweptback wings, is the achievement
of a maxirmm 11ft coefficient of sufficient magnitudes.
Since flaps become much less effective with large
angles of sweep-back, the solution agdvocated by
Dr.Kkruger of GOottingen consisted of the combined use
of normal flaps and a nose flap having a width eyusl
to 10-20 percent of the wing chord and projectirg
downward from the leading edge at an angle of 350
The normal flap aione could not be nade sufficiently
effective even with the introduction of suction.
Dr.grugert!s tests were conducted on an NACA 230158
section with 45° of sweepback and a 2:1 taper ratio.
4 normsl split rlap gave aACLmax of 0 4 while the
addition of a 20% nose flap gavea a AGLmax of 0.7
which produced a total 1lift coefficient of 2.3.

There was, however, no noticeable improvement in wing
dropping characteristics, inasmeh as the boundary
layer still flows outwards towards the wing tip. An
sgttempt was made to remedy this by incorporating a
"differential split alleron" of the type shown in the
gketch below. The low pressure region behind the
downward deflected portion tends to induce the boundary
to flow parallel to the line of flight, while the
outboard portion 1s used as a conventional aileron.
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Aerodynamic characteristlcs jncluding pressure distri-
butions resulting from measirements taken at 400
measuring stations are included in Dr.Kruger's work
published as Untersuchungen und lMittellungen Report 315%5.

" Invegtigation of the possible advantages that could
be reaiized by applying the theory of swéepback to.
propeller design had been conducted at both AVA in
a8ttingen ahd DVL in Berliir with excellent agreement.
Turnel tests of constant thlclmess - chord ratio blades,
8% and 16%, with .a dlameter of 11.40 inches rotating
at 30,000 RPM, gave a tip Mach Number of 1.Z0 and
indicated that the peak efficiency could be maintained
at & Mach Number 20% to 30% higher for 30° of sweep-
baok than for the conventional blade. ~ Dr. wulck,
who conducted these investigations, had also developed
e blade section which placed the center of gravity
and the serodynamic center of the blade on the pitch-
changlng axis. A complete description of these.
investigations has been published in AVA Report
43/F/08. -

go far, only the general thoery and basgic
phenomena of sweepback have been covered. The tollowing
will ettempt to outline some or thetrends in German
design of sweptback wings.

The problen of tip gtall was receiving the most
varied attention, in conjunction with attaining
simtaneously good Cryax.

The most common approach was to use leading edge
slots, and 1t was generally egreed that washout was
of little beneflt. A further advantage of slots was
a possible increase in C of 30% to 40% (actually
obtained on Me-262 with i‘ﬁf ‘gpan slots). It is
claimed (by Gropler of Junkers) that a good desl gn of
slot will not affect the critical Mach No. of a wing,

‘although it does produce & higher drag below Mgy and
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consequently above u& . Dr. Llppisch states that
the slots on the Mp-'gs affected its top speed less
than 8%, and this effect could have been further
decreased 1f it had been possible to maintain a close
tolerance in manufacture on the slot gap on the top
surface. This point is argued by Voigt of
Messerschmitt and Pabst of Focke-Wulf. One reason
given for not using our laminar flow airfoil section
is that a leading edge slot spoils its effectiveness.

On tailless airplanes, the slots almost have to
be fixed, because the operation of the elevons causes
the stagnation point on the wing leading edge to
wander, thus preventing the use of automatic slots.

An alternative to the siot, which has been
promising in the wisd tumnel, is shown in the
following sketch:

7

I

Trailing edge flaps (or mid-chord flaps as on
the ile~163) were usually used in conjunction with
slots to reduce the angle of attack at which Cr,
occurs. _With increasing amounts of sweepback,m%ge
C.P. of the 1lift produced by a 1lift flap moves forward
relative to the C.G. and tends to reduce the moment
change, thereby allowing flaps to be located at the
trailing edge where they are most effective for lirt.

Messerschmitt tried an Me-163 without its normal
wing structural twist of 5° but with up-turned elevons.,
The behavior in flight and in the wind tunnel at both
low and high speeds were almost identical to the
original Me-163.

The Horton Brothers, who have been working on
tailless airplanes and gliders since 1930, have never
used leading edge slots, although they have used as
mich as 7° twist on some of their gliders. On their
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B. SWEEPBACK

recent ships including the Horton IX, a jet powered
fighter, they have caused the stall to occur at the
middle third of the semi-span. This was done by
designing etfective washout at both root and tip

. " (only 134° at the tip) with respect to the middle
third of the semi-spsan. The chord at the root was
increased also, effectively, reducing t/c. This
procedure gave a very well behaved stall with no
change in pitching moment or danger of wing dropping.
However, a Crmsx of 1.3 was the highest obtained
on the Ho-IX. This was wlith flaps.

Although nesserschmitt was still using leading
edge slots on their latest sweepback wing for the
110l (24% ¢ slot at tip and 13% C at root) they also
used a thicker section at the tip than at the root.
This was done partially to reduce interference of
wing and fuselage, but also partially to help the
tip stall situstion. Pabst of Focke-Wulf recommended
a middle path - make the wing a constant t/c and use
very little planform taper. As a side note, he also
recommended that the inboard 25% of the seml-span
outboard of the fuselage be considered to have no
sweepback when calculating the performnce of an air-
plane with sweptback wings.

According to tests made at LFA, sweepback of a
short wing (semi-span equal to chord) had only %+ to
L/2 the usual increase in critical Mach no. - no doubt
due to the center interference already described.

- But Dr. Lippisch, with his very low aspect ratio
triangular wing has attained an Mgr ® .9 with a root
section of t/c = 13.6%. (This was in combination
with a fuselage). And ne further claims that this
Low aspect ratio eliminates the problem of tip stall,
in spite ot the very sharp tips. He could not give
an explanation, except to say that with his wing plan-
iform, the flow is completely three dimensional -.and
since no tneory exists that predicts this flow, only
tests can be used to find its behavior, It is ulso
knovwn that tne L/D of this wing is definitely better
at high wucin numbers (i = 1.2 and up) than the high
aspect ratlo wings. Low speed Cypya, is in the
nelghborhood of 1.0. Lippisch was not worrled
about the high angle »of sttack that goes with Crmax
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at low aspect ratios because the ground effect
increases effective aspect ratio sufficiently to
moke the landing angle practical.

Junkers had still another approach in the use
of swepthback wings. On their EF 128, proposed tail-
less fighter, they had two vertical tails each
centered on the aft portion of the wing at a point
half the semi-span outhoard of the fuselage, This
procedure was sald to stop the spanwise boundary
layer flow along the wing and transfer the stall
point from the tip to a point just inboard of the
fin, The explanatory diagrams by Gropler, Chief
Desligner, are shown below.

WITHOUT FINS ON WING

AREA oF
¢ Ensr J7ace

WITH FINS ON WING

Area or
Frrsr Jrace

As a rinal note on sweepback, the use of a
sweptback tal 1, both horizontal and vertical surfaces,
can be mentioned. Both Focke-Wulf and Messerschmltt
were working on airplanes with sweptback wings and .
sweptback tuills. Thelir recommendations for design
of the tall agreed - the tail surfaces should be
thinner than the wing (Messerschmitt used 6% thickness
ratio) and the sweepback should be the same as, or
greater than, that ot the wing.
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o.  AFRODYNAMIGS

C. SWEEPFORWARD

As an answer to some of the problems of sweep-
back, Junkers had developed sweepforward and was
incorporating it in the Ju-287, a six-enpined jet
bormber. ,

+he claims made for sweepforward are:

(1) The sweep angle has the sams ef'fect of
increasing the critical Mach number as an
equal angle of sweepback.

(2) There i3 no tendency for tip stall - initial
stall occurring at the innermost portion of
the wing since the spanwiase flow is inboard
rather than oubtboard.

(4) There is less interference at the wing center
for high speed. This may be explalned gimi-
larly to sweepback by the sketth below: ‘

Although there is an appreciable area of inter-
ference, as for swegpback, the flow i3 at a lower speed
and should not affect Mer as mich as for sweepback.

The elimingtion of tip stall allows higher taper
ratios in both planform and thickness and woves the
required leading edge glots from the tip to the root
of the wing.

Cruax may tend to be lower than for a comparable
sweepbaclk because the inboard reglon that stalls first
is a larger Eercentage of the total wing area then the
Meipst-stall® area is on a sweptback wing. Comparative
wind tunnel tests on four wings, 300 sweepforward,
0° sweep, %0° sweepback, and 450 gweepback, indicated
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that sweepforward had the lowest Op, and 45°
Sweepback had the highest CrMax - Mﬁése tests were
at low Reynolds nunber and, according to the Reynolds
number correction shown in the receding section 2 B,
the full scale flight comparison may be completely
different. Junkers was expecting = Cruax ©of 1.8 on
the Ju-287,

Sweepforward has similar stabilitx characteris-~
tics both before and after "first-stall , because the
11ift centers are similariy located on the mean aero-
dynamic chord,

There was some thought that Sweepforward would
have a structural disadvantage because of the fact
that at high Cr, or high g, the inner part of the wing
could be stalled thereby moving the Spanwlse center
of load outboard with a consequent increase in bending
moment.

So far as is known, no tailless op tail first
airplanes had been designed in Germany using swept-
tforward wings. It would seem that a normsl tail-
in-rear airplane might offer complications when
Sweepforward is used, since the horizontal tell 1s oloser
to the root section of the wing than for either norma.
or sweptback arrangements (assuming equal tail lengths
to the c.g.).
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2. AERODYNAMICS

D. Methods of Control at High Speeds

In generat, German alrcraft engineers have
stuck with conventlonal aerodynamically balanced
control surfaceg on the airplanes built to date.
However, they were becoming aware of high speed
control aifficuities and were studying several
alternate types of control for use on proposed
and experimental airplanes.

The normal practice was a lairger thrcew
of surface (Messerschmltt hed 20° deflection of the
surfaces on the e-262) and as might be expected,
variation 1n gap tolerances greatly affected the
control behavior. Until very recent deslgns
stick forces were maintained at desired levels by
Increasing the amount of aerodynamic balance.

Messerschmlitt was considering three
alternatives to increasing aerodynamic balance for
keeping down the stick forces.

l Using a sealed balance similar to NACA
design but vented to a point further aft on the
running surface to get higher unit pressure for more
effective boost.

2. Hydraulic boost or electric servo system.

S Using Flettner servo tabs in which a smail
control surtace was direct connected to the cockpit
controls to provide feel. Planned to provide a dis-
connect lever on the control stick to disconnect and
locK the direct connected surfaces at very high speeds.

Mr. Messerschmitt dia not like the hydraulic
boost system because he considered it too complicated
and heavy. However, the Flettner system had glven
indications of flutter trouble, according to Ir.voigt.

Both Dr. Lippisch ot Vienna and r..mlthopp
ot Focxe-Wulf recommended using normal serodynamlc

balance, but rounding off the trailing edge portion
of the wing (or other surface) just forward of the
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control surface, The recommendations of Lippisch

are shown below:
o«
T fa——AncROX .-3/0 C//b-

e

__Abnm

207w

This conflguration allows high deflection
of the control surface without danger of control
reversal due t o compressibilicy shock forming on the
leading edge. In other words, a comparatively smooth
flow is mainteined even at high surface deflections.
Stick forces are meintained by the amount of aero-
dynamic balance.

Lippisch was using this arrangennnt on
his LP-13 which was intended to be a super-sonic
airplane.

The Horten brothers have used many and
varied types ot control on their tailless gliders
and airplanes. These are outlined bvelow.

1. Longitudinal and Lateral Control.

: The first Horten aircraft (the H-1l) was
titted wlith one trailing edge control surface on each
wing which acted in the usual way as an elevon giving
longitudinal and lateral control. Landing flaps were
not fitted. ‘

On the H-1ll,two trailing edge control
surtf'aces were fitted on each wing and were coupled so
that the outboard surfaces give primarily latersl
control and the inboard surfaces primarily longitudinalt
control. Owing to the kinematics of the linkage
system, however, slight displacements of the inboard
surfaces occur when the stickwas put to the left or
right and slight displacements to outer surfaces when
the stick was put forward or back.

The H-1ll had two pairs or control surfaces
working as on the H-ll and in addition was provided
with landing flaps on the innermost section ot the wing.
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: On the H-IV, the controls were still
further split up. There are three movable corntrol
surfaces on each wing. The outermost ot these
surfaces give primarily lateral control by a
symmetrical motion when the stick is put to the left
or right, but they slso deflect slightly when the
stlck 1s pushed forward or back. The middle surfaces
are capable of a large defiection upward but only
& small det'lection downward, while the innermost
surfaces are capable of a large deflection downward
and only a small deflection upward, By suitable
coupling between the control system and the control
surfaces it is so arranged that the deflections of
the three controls for a given stick poaition
increase or aecreage progressively aiong the span.
Thus, on a aowvn-golng wing, the outermost control
will have the greatsst deflection, the middle control
the lesser deflection ana the innermost control the
Lleast deflection; while on an up-going wing, the
innermost control wiil have the greatest deflection
ana the outermost control the least. By thizs means
the washout of the rwing 1s maintained even when the
controls are displaced.

With the H.V a reversion to the two-control
system was made. On this sircratt the outer controls
are uged to produce a nose up pitching moment, while
the inner controls are used to produce nose down
moment s, The relationship between the deflections
of the two pairs of surfaces is arranged to keep the
wing twist constant whatever the amount of control
applied. By using the elevating control on one side
and the depressing control on the other an aileron
effect 18 obtained. It 1s claimed that by this use
of the controls, no adverse yaw is caused.

The H.V 1s provided with three flaps for
take-off and landing. These are situated on the
centre section. Tge part of the flaps hetween the
engines drops to 60°, the parts just outboard to the
engines to 40°, while on the original version of the
aircraft, the inner control surfaces were arranged to

~ drop 30° while still retuining their tunction as
elevators giving nose down moments.
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The control systems on the E~-VI and H—VII
are respectively similiar to those on the H-IV and H-V.

The Hortens appear to have been satiafied
with the use of two palrs of control surfaces in this
way because the same scheme has been adopted on the
HVIJI and HIX. The maximim control deflectlons are
sald to be as follows:-

{ Control | Outermost Middle [Middle |Outermost
colum control,port| control jcontrol control

. position’ wing port wing lstarboard| starboard
i wing wing
-
i Left 20° up 2° up | 20° down| 2° down
| Rignt 29 down 20° down 2° up | 20° up
i Forward 5° up 30° down| 30° down; 5° up
i Back 30-45° up 5° up 50 up |30-45° up

With regard to control shapes, the final

practice seems to be the use of a Friese nose on the
outermost control (vhich functions mainly as an aileron)

usually with a large amount of forward balance.

The

inner controls have usually blunt rounded noses or a
very blunt nosed Friese section and a combined trim
and balance tab is normally fltted.
Friese aileron i1s mounted on a skew hinge whose effect
is to cause a large projection of the nose below the
wing surfaces when the alleron is displiaced upward.

This helps to give a favorable yawlng moment.

2.

Directional Control

On the

H-IV the

On all the Horten aircraft, directional

control is provided by drag rudders operated in the
None of the aircraft are fitted with

usual way.
vertical fins.

On the H-1,

II, III and V, the control

is situateu on the leading edge near the wing tip.
The portions or the wing surfaces between the

stagnation point ana the main snar are arranged to
pivot outwards about a hinge lime approximtely at
the stagnation point;
the appropriates wing.
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On the H-IV and H-VI a plate type spoller
is provided on the top and bottom surfaces of sach
wing between the ailerons and the front spar. The
plates project when the rudder bar is deflected.

A similar system 1s believed to be used on the H~-VIII.

On the H-Ix, this development has been
taken a stage further. The installation consists of
a large and a smaller Span spoller on the upper
surface and a similar pair on the lower surface just
behind the mein spar near the wing tip. Spring links
are incorporated in the control system so that as
control 1s applied the two smaller Sspollers on one
8ide appear first and are followed by the two large
Spolilers when the tormer are fully deflected. This
ls, of course, to give smooth and progressive control
at hégh speed combined with adequate control at low
speeds.

The H-VII was stated to be fitted with an
entirely different type of airectional control., A
wooden bar is mounted on a system of rollers behind
and parallel to the main 8par at each wing tip.
Displacement of the rudder bar causes the bar on one
8ide to project in a spanwlse direction from the wing
tlp causing a drag on this side, This control was
sald to be very pleasant and Satisfactory in flight.
It has the advantage over the other types of drag
rudders that i1t does not blanket the effect of the
allerons,

: The use of a movable wing tip to give
lateral control has been actively investigated by
the Horten Brothers, In short, the whole wing tip
is hinged on a skew axis so that it can rotate
forward with a decreasing incidence or backward
with inereasing incidence. A geared tab may be
provided to balance the loads on this control.

The Horten ITI was first modifl ed to take
this control but the flight results were not satis-
factory. The pilot reported that he was unable to
hold the stick which was threshing about fairly
violently in alil directions.

The plastic version of the Hev was built
with an inproved form of this control but as this

alrcraft orashed on its tirst flight, no information
is available on its behavioer. The Hortens had not
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given up hope of making thils type of control
satisfactory.

The section of the spollers as used on
the H-IX is a3 shown in the sketch. When both
rudder pedals were pressed simultaneously, the
gpollers on both wings operated and acted as drag
brakes.

.

The amount of venting varied the pedal
force, Hortens, on the H-IX obtalning 1 kg pedal
force at 150 km/hr. for operation of the spoilers.
This force varied only slightly with speed.

On the H-IX, a novel arrangement of the
control colum allows an lncrease in mechanical
advantage for high speed flight. Unlike the simple
telescoping stick sometimes tried before, this device
uses a constant overall length control columm, but
shifts the plvot point. This increased lesverage
is at the expense of a decrease in maximum avallable
control surface deflection, but this is of no
importance at high speeds.

Dr. Seiferth of Goettingen indlcated that
recent tests using extendable wing tips of thin cross
section appeared to have considerable merit and
resulted in a rolling moment somewhat greater than
would be calculated on the basis of area alone.

This he attributed to the change in the spanwlsse
distribution at the tilp, resulting from the change
from a rounded to a rectangular tip shape. A plate
hinged at the leading edge appeared to be better than
one hinged near the trailing edge. This type of
alleron is superior to the conventional type from
the flutter standpoint. :
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Dr. G8thert has made a considerable number
of experiments at DVL 1n Berlin on the use of spoilers
for control and braking devices at high Mech numbers.
The normal type of ailerons at various chord ratios
were also investigated. In the critical speed range
from M = .75 to .9, GBthert stated that small spollers
up to 2.5% chord logated at 90% of chord aft of the
leading edge were very effective and appeared to be
preferable to the normel alleron. Spollers at any
location forward of this gave pool characteristics.
Even a complete reversal of moment coefficient 1is
possible.

Another type of spoiler is a flat sheet
which can project out through the fin or wing surface
at a point between 10% and H0% aft from the leading
edge and reduce the 1lift there. This bype has been
tested in a wind tunnel at LFA by Dr. Zobel. The idea
13 old, but he developed an improvement, by providing
an air duct, or siit, tfrom the stagnation point to
the point just aft of the spoller. This feature
greatly reduces the time lag, between raising the
spoiler, and the etfect of this on the lift ot the
girfoll. (The spoiler considered hers is hinged.)
The spoiler with the uuct 1s on the upper silde of the
airfoil located about 10% of the chord length from
the leading edge. A similer spoller, but having
no duct is located on the lower side of the airfoll
about 40 to 50% aft ot the leading edge. The duct
width is about 1% of the chord length. The gpollers
are used primarily for ailerons, in place of movable
ailerons. Tests of various shapes of spoilers -
notched, screen arrangements, saw-toothed, ete. -
were made, but the simple. solid plate type was
chosen as the best by Dr. Zobel.

The Germans were developing a code for
evaluation of flight stebility and control. This
report was written by Doetsch of DVL and had been
circulated to the aircraft manufacturers for comment.
iuch of it had not been adoptea by the manufacturers
yet and it was not an accepted regulation, but only
in the formative stage.

Dynamic longitudinal stability could not
be divergent. Static longitudinel stability was
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regulated by stick force rules. When a plot of

stick rorce versus speed squared 1s extrapolated

td zero speed, the zero speed intercept in kilos

mi3t lie between 2 + 2,2 logyn W and 10 + 9 logio

W, where W is the gross weigﬁg in kilograms.

(8tick force is alse in kilograms.) This mst

be met with any C.G, and when trimmed either st

.8 clinb speed or 1.2 maximim level flight
speed. There was no stick fixed requirement.
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5. AIRPLANE DESIGN NOTES AND PROCEDURES

_ Wulte a number of miscellaneous facts and
ideas concerning airplane design and design problems
have been picked up 1n Germeny that are either diffi-
cult or too mich isolated to clgssify under separate
discussion headings. These are gathered here without
much attempt at elassification,

A. TUse of High Speed Wind Tunnels

The German aircraft industry had available
quite a few good high speed tunnels and much use was
made of themn. These tunnels covered highrMach
nunmbers than those avallable in America; .95 i being
quite common and M ¥ 6.0 being avallable., Most of
these tunnels are short duration types - energy
being stored over a comparatively long period of
time and expended in a very small period. With
ingenious measuring devices, the Germans were able
to get all necessary readings in the very small
period of time that the tunnel ran.

0f most importance is the fact that all
recent Germen experimental and proposed airpianes
were based on a good deal of high speed wind tunnel
data on the specific airplane deslign - and many of
them haa been altered and changed on the basis of
this data.

An interesting German practice is the use
of half models in most of the smaller tunnels. These
models - halt & fuselage and only one wing panel -
effectively double the size of +the tunnel.

'B. Water Tunnels

The water tunnel is a useful and simple aid
in the design of high speed airplanes. A normal wind
tunnel type section, with water flowing instead of alr,
13 used to determine the ecritical points on a model

from the compressibility viewpoint. (Of course, the
model can be towed beneath the surface of a water
tank also.) Points of cavitation on the model
indicate locations of compressibility burbles at
high speed on the actual airplane. Also, the boerder
of the cavitated area shows the shape of the fairing
required to eliminate the compressibility burble at
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. This latter fact is explained as follows.
The water in the bubble, apart from being turbulent,
1s stationary or is not flowing with the main stream
and there 1s no definite flow from any one part of
the bubble to another, Therefore, the pressures
within it are constant at ekl points, and the
pressure at all points on 1ts outer bounaary is the
sume.

Thus, water tunnel tests not only indicate
the critical drag polnts on a high speed airplane,
but ulso give a method of failring these points.

C. Jet vs. Propeller

Messerschmitt's ldeas on the use of jet
power are as follows:

l. For daylight fighters, no plane using a
reciprocating engine and/or propeller would be satis-
factory. Such a plane cannot compete with jet
power in speed und light weight for short range and
could not take off and intercept a fast bomber as
etffectively as a short range jet figh:zor,

2. It was not believed that largc neavily
armored bombers of the type now in use wouid prove
practical in the face of an adeyuate force of ilgh
speed Jet fighters. Nor would long range fighters
be able to match the speed and climb of short range
Jet fighters. Consequently, design studles favored
Jet powsered bombers capable of flying in and out of
the target area at high speed.

3. For a night fighter, requiring more range
and endurance for locating enemy craft, it is felt
that the plane powered with a reciprocating engine
still has some use. Preferably, howsver, the plane
should be powered by a gas-turbine-propeller power
plant to assure sufficient high speed to cope with
Jet bonmbers. '

D. Athodyd Power -Effects on Design.

- Dr. Lippisch, who was designing high speed
athodyd powered alrplanes, feels that athodyds must
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be designed as part of the airplane--not as a unit power
plant to be installed in the airplane, He believes this
is the only way that design versatility and variety can
be obtalned--any size airplane designed for an; perform-
anc e. B

S In conjunction with thils design policy,
Lippisch had used two eyuations as a basis for obtal ning
a comparison of efficiencies of designs from both the
drag and power plant viewpoint,

The first factor corcerned the installation
of the athodyd of Lorin Power plant and compares the .
success obtained in maintaining maximum internsl volume
for a glven surface area. The second factor compares the
actual surface area to the absolute minimum that can exist.

3 pr—
1, <Coefficient of Burface i__Jf_ﬁ

'~

lhis coefficient must be as great as
possible for best athodyd installation.
: ‘ 2A </

2. Coefficient of Drag Efficiency ='E§’
This also Should be as high as possible
to keep surface drag & minimmnm.
In the above equations,

V = volume

S % surface area
A = wing area

E., Tailless vs, Tailed airplanes

Although the use of' sweepback was, in general,
prevalent throughout the German airplane designing brotaer-
hood, there was some resistance to its full use in making
the airplane tailless--a flying wing, Both Messerschmitt
and Focke-iulf were working on airplanes with aweptback
wings and sweptback tails. ©Doth had a similar reason; they
Telt that, for flight at high Mach number, the tailless
eirplane was unsatisfactory because it lLacked sutrficient
control and dauping in the pitching plane to counteract
pitehing oscillations. It should be noted that they are
specifically referring to the region Just beyond li,,. where
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violent changes in trim occur,

Dr. Lippisch takes an opposite view, He be-
lieves that no tailed airplane has yYet stopped the violent
instability that occurs aboye M,, and further states that

the flow at the tail for these Mich numbers is so inde-
terminate and so impossible to calculate that no tad 1 ever
could be designed to give the desired controllability.
Also, he Delleves that the most logical means of control-
ling the sudden changes in pitching moment is to contrel
the wing airfoll shape as i3 done with the tailless air-
plane,

‘ But, probably of most importance, 1s Lippisch's
statement that thé unstable region above M,p Should not be

flown through in level flight, but rather in a zero 1lift
dive (or climb) so thet there need not be any moment change
(1f a symmetrical airfoil isused),

The Messerschmitt company mede a study ‘that
almost convinced them that a conventional wing and tall
airplane had very little disadvantage compared to a swept~
back wing tailless airplane. <he study was based on main-
teining a fairly low landing speed for both arrangements,
and their conclusions were drawn from the following polar
curves,

C,A

The tallless airplane has a lower drag co-
efficient, but its wing area is greater because of the
lower Cjgx used when determining landing speed (Cimax = 1.3
For tailless and 2.0 for tailed). Consequently, the drag,
CpA, 18 the same for the tailless as for the taileddlow Cr»
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but less for the higher C¢;, <“heilr conclusicn was, therefors,
that the tailless alrplane was no better for high speed, but
did have the advantage for range, cliumb, and ceiling,

This is aninteresting study and seems especially
applicable to alrplanes with high speeds in the region of
M= ,75 to .8, the maximim l,p that can be expected without
sweepback, But above that point, say at a = .9, the drag
comparison breaks down because the normal wing would be above
Mepr and the sweptback tailless wing would sti1ll be below Mope

And 1f the wings of the tailed airplane were swept back to
correct tinis discrepancy, the tailed airplane would lose its
Cimax advantage. further, on the basic comparison, the Cjmax

® 1,3 seemg a little low for the sweptback wing and Clmax ™ 2.0
seems8 a little high for the normal wing, but it is interesting

to note that even on this basis, the flying wing has an advan -

tage--especially 1f it 1s for a bouwber configuration.

It should be noted that Focke-wulf's sweptback
wing and tail airplane, the FW 183, was to be flown fir st with
normal control surfaces; it was intended at a later date to
change to flying wing procedure, i.s, slevons, and to use the
horizontal tail only for trim,

Dr, Lippisch clalmed a directional stability ad-
vantage for the tallless airplane, if it is designed correctly.
This is due to the fact that its short fuselage and compara-
tively large vertical taill mmkes it easy to maintain a constant
center of pressure point throughout the entire Tange of yawe
Almost all normal alrplanes have a snaking tendeney at O yaw,
while Lippisch's ile. 163 did not, and therefore was considered
& very good gun plattform, A comparigson is shown below,.

N\ 7ancess
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\\
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Dr. Lipplisch was very strong in his insistende
that flying wings require vertical tail surfaces, in spite
of the fact that the Horton brothers never used a vertical
surface. tis point is supported by the fact that Horton's
latest, the Ho IX, although stable, took four times as
long to damp out directionally as a normel airplane did,
Hortons claimed that thls was no disadvantage because the
oscillations were so long that the plane was more comfort-
able in gusty weather and also i1t made a better gun plate
Torm,

F., Directed Mlisslles vs. Interceptors

Dr, Vurster, who designed the Enzian 4 and 5
and developed them at Messerschmitt, was very insistent
in his belief that Interceptor fighters would soon be
unable to stop high speed bombers. He based this belief
on the fact that there is a speed wall at somewhere around
M= ,9 beyond which it is impractical for an airplane, as
such, to go. 4lthough 1t may be true that there is a point
beyond M = 1,2 where the drag coefficient drops down to low
speed values, the region between that point and M,,, say
M= .9, 1s such that a minimum of 6 times the power reguired
Yo fly at M = ,9 i3 neceasary. Even if the low drag coefficient
region above M = 1,2 could be reached, for instance by diving
or by assist rockets, the steady power required to maintain
flight would be approximately twice that required to fly at
M= ,9, Based on these facts, Wurster belleves, that no
practical airplane will be built to fly much above Myp., But
there is no reason why bombers cannot be made to fly at that
speed almost as easily as fighters,

Conseyuently, the time will come when the
tighters, or interceptors, will have very little speed ad-
vantage over bombers, and their job of taking-off, climbing,
catehling and downing the bombers wiil become most difficult,
And anti-aircraft guns are evsen now inadeyuate because of
thelr comparative lnaccuracy and small size of shell.

So,according to Wurster, the time is very near
when the Flak rocket (or directed missile) will be the only
thing capable of stopping the bombers,

This can be done (although it has not yet been
done in Germany)because:

1, The directed missile can be made to fly
at supersonic speed because of its small required range and
its small size and weight. (no pilot, equipment, or maxinum
welght requir ement for landing purposes) Therefore, it can
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catch the bombers easlily.

2. With the infra-red direfting head, which
1s sensitive to exhaust gases, the misslle will be un-
erringly directed to the target (the bonber).

3. Because of its simplicity, 1t can be made
imich cheaper than an airplene, even cheaper than an
antl-aircrart shell.

4, It can pe laumched from almost any place,
no alrport ls reguired. And the launching point can
be moved more ead ly than an anti-aircraft gun emplace-
ment.

Further, Wurster emphasized that the Flak
rocket directed missile should carry a good sized war-
head (1000 1bs. or so) so that, with a proximity fusse,
a direct hit wili not be necessary.

G. Nacelle Location on Wings

Junkers made & series of tests varying the
chordwise location of & typlcal jet nacelle on a wing
to find the best location from a drag standpoint,
Althiough the tests were run in their rather spall high
speed wind tunnel, the results are generally accepted
throughout the German aircraft industry. (Their findings
were mentioned by both Malthopp of Focke-Wulf and Vvoigt
of Messerschmitt¥.

The conclusions were that the leading edge
of the nacelle should elther be far forward ot the
leading edge of the wing (at least 50% ot the wing chord
ahead ot the wing leading edge) or should be aft ot the
50% chord point on the wing. Not much preference was
shown whether the nacelle centerline was above or below
the wing chord line, although Junkers was deaigning a
flying wing bomber with the nacelle leading edge at 50%
c¢hord and the whole nacelle above the wing. In general,
the aft location of nacelle (50% chord) seemed to be
preterred, especially for sweptback or sweptforward
wings. This location has the least etfect on spanwise
flow, but 1t 1is poor from the flutter standpoint.

Dr. Kuchemann of the Kaiser Wilhelm Institute

at G8ttingen has made a detailed study or the fitting
of nacelles to wings and had placed special emphasis on
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ges turbine nacelles, He was of the opinion that the
position of the nacelle, whether highwing, midwing, or
lovwing, fore or aft was not particularly vital, but
that the fairing was far more important. He indicated
that extreme fore or att locations were best from the
drag viewpoint but were the most ditficult to fair
correctly into wing.

For supersonic entries, Dr. Oswatitch and

Or. Busemann, advocate the utilization of a central
pointed needle which projects through the auct entry,
and creates a series of shocks shead or the nacelle,
The actual device proposed consisted of a conical point
with a re-entrant angle which creates two oblique shock
waves which are tangent to the leading edge of theduct
entrance, Wina tunnel tests indicated that at Mach
Numoers of approximately 3.0 the r'ecovery was nearly

85 percent and that the auct flow was good up to & Mazh
dMunber of 3.2. '

In considering duct entries, Dr. Kuchemann
calculated pressure distributions fron a ring surce
fuG I'roin vortex rings. High speed wind tunnel tests
conducted by Prof. Ludweig at Reyershausen, on Kuchemann's
auet entrances indicated that these designs with « high
peek suction near the lip are bevter at high llach Nuubers
than those designs that avoid the peak, but on which the
suction further aft is greater. A report by Dr.kuchemann
and Dr. iiebber in Deutche ikademie for 1943 and Dr.
suchemannt s Untersuchungen und Mitteilungen Report
Lir.35125 explain the detailed results of these investiga-
tions. Results of the analysis of symmetrical and
unsymmnetrical uuct entries located on g symmetrical
wing have been compiled in a Untersuchungen und
Mittellungen Report by Dr. Schirer issued in 1944,

H. Puselage Shape at Wing Joint

Another result of Junkers high speed tunnel
~tests of interest is the fuselage-wing junction shown
belcw, This was claimed to have raised the criticat
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lYach number from .75 to .78 compared to a normal
Junction.

FUSELAGE THINNEST AT POINT
OF MNAXIMUM WING THICHNESS

I. Jet Intake Duct Design

Wind turnel tests for messerschmitt indicated
the desirability of gradually decreasing the duct
cross section as it neared the compressor intake
(axial flow, high speed air intake). This minimizes
the growth of the boundary layer within the auct..

It was found by Prof. Busemann of L.F.A.
that in any axielly symmetric compression without a
central body one always gets a normal shock wave with
a resulting decrease in efficlency. It is therefore
necessary to have such a central body which is designed
g0 as to obtain a compression initially away from the
axis instead of toward it. If a suitably long central
body is used, no normal shock is obtained but rather
s series of obliyue shock waves with considerably less
total energy loss. .

The same applies to an entrance to a duct in
supersonic flow. Otherwise, there will always be &
normal shock wave just & head of the duct. Conse-
quently, a central spike 1s recommended to be used
ahead of the duct entry of, say an athodyd, for
superdonic operation. '
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J. Nose Shape for Supersonic Speeds

According to Guderley of L.F.A., the nose
Should be flat and square for minimm wave resig-
tance. The syuare surface, being normal to the
flow direction, is followed by an arc of constant
bressure with a corner at the Junction. It seems
that the high pressure in the flat nose is more
than counterbalanced by the large suction due to
éxpansion arouna the corner. Guderley was planning
to calculate the shape of the body nose section, but
had not gotten to that point yet. In the meantime,
L.F.A. favored a nose shape of 10 caliber radius
tangent ogive for supersonic missiles.

K. Effects of Jet Wake

Dr. Braun of L.F.A. found that the effect
of the rocket blast must be included in the
calculation of the stabllity of flak rockets Just
after launching. The rate of change of the mass
of the rocket mst be teken into account in the
moment of inertia for longitudinal stabllity since
ghe mass 1s decreasing due to eJection of gases in

he jet. Hence, the erfective moment of inertia
for a pitch (or yaw) angle of is:

Ide _
d at) 2
( / » not merely d°s

dt as2

where I 1s the static moment of lnertis
t 1s the time.

Also, Tesults of tests made at Aachen on a
¥-2 model showed a 70% increage in the torm drag
of the body, due te the effect of the jet on the
flow of air, over the tail. This was based on
¢comparative pressure measurements over the body,
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According to Mr. Kerris of L.F.A. there 1s
s region in the jet wake through which radio signals
will not pass due to ionlzatlon. The lateral
extent of this region and how far it extends behind
the rocket very greatly with the design and operating
conditions of the rocket. The ionization is an
exponential function of temperature, so it varies
considerably with the temperature at which the jet
gas 18 ejected. Higher temperatures make it worse.

L. De-Tcing of High Speed Airplanes

Voigt of Messerschmltt claimed that de-
icing installations were not necessary for high
speed airplanes because the heat of compression due
to the high speed 18 sufficient to prevent icing.
On the Me-262, about 27°C rise in temperature had
been measured from this cause and no wing de-icing
was used nor were gun heaters used.

M. Tallplane Arrangement

Messerschmitt had test flown an Me-109 with
a Vee tail and founa it to be gatiagfactory. It was
considered a desirable arrangement for high speed
aircraft because the number of junctions and the
1ikelihood of conpressibility trouble is reduced.

Dr. Lippisch was seriously considering
making the vertical tail on his supersonic airplane
symmetrical about the centerline of thrust, i.e. half
the tail above and half below the fuselage. He
favored this arrangement because he thought there
would be less chance of a moment chenge occurring
in a dive above MgR. Several airplsnes had thils
type of tail, such as the fNatter" and the Dornler 335.

There was some thought among the Flak
rocket designers that two sets of swept back wings
at 90° to each other should be used to lmprove
stabillity and controllability over one set with a
conventional vertical teil (or tip fins)}. However,
L.F.A, tests showed the double winged arrangemsnt
had 30% more drag, 20% less speed, 10% more welght,
and half the payload of the single wing type, off-
setting the advantages mentioned.
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N. High Lift Devices - Boundary Layer Control

Dr. Regenscheit of the Kalgser Wilhelm Institute
at G8ttingen had been experimenting with the application
of suction at the flap as a mmeans ol' increasing lift.

- Tests were made on an NACA 23012 rectangular section ot
aspect ratio of 2. With a trailing edge angle or 3009,
& change in zero 1lift angle of 3.3° was obtained with a
Gy = .015. The effect was found to decrease with
decreaging tralling edge angle and the optimmm S/C ratio
ls approximately 1%. The advantage obtained with e .
given suctlion increases with the thickness of the wing
gsection and Regenscheit's investigations alzo included
examlnation of « wing section having suction applied
Lo & flap along the center section, and air: exhausting
over a slotted fldp on the outer portions, This
combination produced a maximm 1ift coefficient of 12
with a Cq O 0.06 and 1 discussed in detail in AvVa
report 41/4/14,

Regenscheit examined the possibilities of
inereasing 11ft by the application of suction above
the trailing edge, Actually, the slot 18 formed by
the omission of 1.25 - 1.40% of the chord of the upper
surface at the trailing edge. This configuration
moves the stagnation point eft with the application of
Suction and increases in G x of 1.0 were obtained for
& Oy of .0l2 on a NACA 250£§asection. To obtain self
induced suction he utilized the core of the training
vortex by installing louvres in the wing tip.
Regenscheit had also duplicated the 81lit, one above and
one below the trailing edge as a control device, but 1t
was found to be too sensitive for alrcraft use and the
tip vortex suction was not powerful enough for practical
application.

sectlons, flaps, slot positions, slot shapes and slze,
volume of air, etec. In general, the sirflow required
was lmpractically large (C_ = 0.02 for Cryax = 4.0)

and 1t was the general opiﬁion that the only possible
application was to very large aircraft where the
complexity and weight of the eyuipment required might

be a smail enough portion of the totsl to be justifiable.
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Actual flight tests were conducted by Professor
Stuper at AVA on two alrcrafi equipped with suction
wings. The Absauge - Flugzeug 1 (AF-1) was built in
1952 and had a Crmax of 5.5, The initial tests were
made with a floating aileron which was relatively
inerfective and was replaced by a special aileron
developed by Herr Groppler of Junkers in which the
rear portion of the double flap was used for lateral
control. The AF-2 had a normal Storch (Fi-156)
fuselage, empennage and power plant with special wings
constructed by Grunau. A maximm 11ft coefficient
of 4.4 was obtained with this aircraft, which was lower
than the AF-l due to the inadequate capacity of the
blower. However, for the same c‘ the corresponding
Cy, was higher than for the AF-l1. A caomplete report
(AVA Report FB-1821) includes a comparison of the
characteristics of these aircraft with the original
Storch and the results indicate that while higher
1ift coefficients were obtained, the lateral control
was definitely inferior. Dr. Kruger has written a
sunprehensive report on all avallable high 1ift devices
which was published as Untersuchungen und Mitteilungen
Nr,. 3025,
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4. STRUCTURAL DESIGN CRITERIA

A. QGeneral

Part of Germeny's success with high
speed airplane design is due to the flexibility
and logical philesophy of their structural require-
ments. They did not design for regions of high
speed flight where the characteristics of the
alrplane were unknown and unpredictable. Rather,
they tried to extend the region of known serodynamic
behavior and placarded the sirplane to flight in
that region.

The most recent edition of the German
Handbook specifying structural strength requir ements
(the Bauforschriften) was put out in 1936 and is
almost entirely obsolete at this time.

; For the past few years the strength
requirements for a new airplane ded gn were established
for each individual deslign by the company producing

it.  This criteria was written into the "Description
of the airplane®, which corresponds to a detail
specification in the United States, and was made in
co-operation with the resident Air iinistry strength
engineer at the plant. '

B. Load Pactors

The manoceuvre load factors were specified
as "safe" factors and were based as much as possible
on flight test data from combat airplanes. Thia
sate factor was the maximum that was normally
experienced in combat and was almost anything that
could be substantiated by statistlical summary of the
flight test data mentioned. However, common factors
for fighters were +7 g and ~3 g, and for bombers
(medium) were 44 g and =2 g. The Ju~263 used a
safe load factor of 6.3, but this was an outgrowth
of the tact that it used the same wings as the Me-~163
but was approximately 20% heavier. As a further
example, the Ju-263 was limlted to 6 g at Mach Number
.8, a8 a result of aerodynamlc troubles beyond this
point. Aerodynamlcs was supposed to design tail
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gurfaces and other control surfaces that would
meintain this "safe" lecad factor as a maximinm,.

Landing load factors were specified by
the Bauforsohriften, of which many coples are
available in the United States, and have nott changed
in 15 years or so. These landing loads funda-
mentally are baged on a free drop of 3.7 to 4.5 neters/
sec., depending on the Uype of airplane. The side
load 18 .4 to .5 the gross welght of the alrplane.

C. Gust Load

Tne basic gust velocity, for “safe" load
4s 10 meters/sec (see "safety" factors). The
Bauforschriften gives the eguation used for deter-
mining gust load factor, which is:

n VAirpl
m = slope of 1ift curve corrscved for
compressibllity.

n = coefficient depending on aspect ratio
and wing loading . W/g

b/2 4ACL/gx fczdy

This equation différs largely from thut
used in the uUnited States only in the vd ue of n
compared toour K.

D. Maximm Design Speed - Diving Speed.

' According to the Bauforschriften, the
moeximm diving speed is 1.35 x VMax. in level flight,
but this has not been adhered to in most recent
airplanes.

The permissible diving speed is agreed
upon by the company engineers end the Air Ministry
representative and is usually based on wind tunnel
tests, for high speed planes. 'For instance, the
diving speed of the Ju-265 was taken as 600 uph,
which 1s about its high speed in level flight,
becauge according to £fiight and wind tunnel tests
speeds in excess of this caused the alrplane to be
unstable, i.e. the center of pressure began to move
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: The aiving speed is given as a true
speed and the airplane placard 13 given as true speed
80 that compressibility effects are definitely limit ed.
indicated air speed limits are therefore a function

of altitude. The 1limlt diving Speed was also
sometimes given in relation to altitude. Uror instance,
the Me-262 allowable speed was 620 mph below 20,000 ft,
and 560 mph above 20,000 ft. '

For some ailrplanes, the diving speed was
greater than 1,35 x Vlevel. fni s applied, usually,
to dive bombers - such as the Ju-88 which had a
maximum level flight speed of 400 km/hr. and a design
dlving speed of 700 km/hr. However, thig airplane
incorporated an antomatic pull-out device which did
not permlt the plane to exceed 3.2 & in pulling out
of a dive. (For description of this device, ges
AI-2(G) No.2034).

Terminal velocity, or maximm attainable
Sspeed 1n zero l1ift dive, had never been used as '
design diving speed. ~In fact it had not been conputed
for most designs, as engineers thought it was too
hypothetical a number to use in desl gn since so much
altitude 1s required to attain terminal velocity, and
80 many aerodynamlc problems can occur at very high
Speedas. The German approach is to aerodynamically
ded gn the airplane to attain as high a critical Mach
Number as possible und then not to structurslly ded gn
past that critical Mach Nunmber, : :

For instance, at Messerschmitt, the V-G
dlagram was continued at 7¢ to meximim permissible
diving speed, but the center of pressure was assumed
to remain at a constant 15% M.A.G. (for Me-262) for
all load factors at this Speed. Consequently, they
did not actually design to a true 7 g condition at
this speed and the placard of 4 g at this speed “
indicated the upper 1imit insofar as Gp. travel and
Peasonable stability are concerned.

E. Safety Factors

The “safe" load factor was multiplied by
& safety factor of 1.35 to obtain the load factor
at which no permanent set was allowable. Ultimate
load, or failure load, was 1.8 times the "safe" load.
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All loads due to gust calculations are
miltiplied By 2 for ultimete load at Junkers, but by
1.8 at the other compantes.

: For landing gear loads, there are only
two classifiocationg, "safe" load and ultimate load.
The ultimate load is 1.5 times the safe load, 1.5
being used instead of 1.8 because the landing gear
is usually steel and the ratio between allowable
ultimate stress and yleld stress i1s lower.

All loads mentioned in the remainder of
this section are "safe"™ loads and woiild be multiplied
by 1.8 for design. (1.5 if landing gear)

F. COMPRESSIBILTTY CORRECTIONS FOR STRUCTURAL
CALCULATIONS

For use when applicable wind tunnel data
was not avallable on a wing, an Air Ministry report
was avallable which gave methods ot determining the
center of pressure travel, 1lift variation and drag
variation, but 1t was normally only used up to MR.
Some mention was made of the ract that the shock
wave was consldered to be a function ot aspect ratio,
as well as airfoil sectlion, which i3 a refinement not

“taken into account in standard American methods. It
is logical, however, because of the spanwise variation
in effective angle of attac« of the wing.

Also, the effect of compressibility on the
fuselage pressure distributions was not serilously
considered as it was felt that the excess veloclty
could transfer itself to circulatory veloclty around
the fuselage. (This was a theory practised at
Junkers but not considered ressonable at any of the
other companies. However, they all 4id agree to the
fact that compressibility effae%s on the fuselage

- were not serious.)

G. Wing Design Conditions

The wing conditions were those normally
designed tor in the United States, i.e. balancing
conditicng, lancuing conditions, unsymmetrical condl-
tions, However, the only unsymmetrical conditions
specified were those due to aileron movement, no
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arbitrary unsymmetrical condition being checked. A
condition was checked for full alleron movement at
diving speed with pull up, but this was done mainly
for informetion and a safety factor ag low as 1.1
was permitted.

Since a flutter model and flutter
calculations were made sarly 1n the desl gn stage of
& new airplane, at Junkers at least, the engineers
oclaimed that the results -of the flutter analysis
influenced the degsl gn of the wing insofar as rigidity
was concerned. Also, sufficlent rigidity was built
into the wing to keep the calculated alleron reversal
speed 1.15 times the dedlgn diving speed.

Span distributions and chord distributions
were made for all conditions, ineluding the aileron
conditions and were corrected for compressibility.

: These distributions were made according
to a DVL report FB 623. It probably was not mmch
different from what we used, since it was published
in 1937 and 1is avallable in English and probably
American libraries.

H. Horizontal Tai)l Loads

No empirical condltions were specified
for the horizontal tall, Based on aerodynamlic data
(furnished by aerodynamics department) dynamic calcu-
lationa of tail load were made for all pertinent
airplane altitudes and conditioms, including rolling
of alrplane.

Unsymmetricat conditlon, in addition to
that from rolling, was specified as 85% and 100%
distribution of maximm tall load, per slde.

I. Veptical Tail Loads

The vertical tail was designed for various
conbinations of rudder det'lection and speed at
eritical airplane center of gravity locations. The
minimim conditions checked were as follows:

(a) Pull deflection of the rudder in .1 to .2
seconds (depending on airplane) at diving
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(b) Full deflection of the mader at high
speed of the airplane.

(c) Side slip - (6° to 8° yaw) at diving
speed.

(d) Balancing condition from aerodynamics
stabillty requirements and rate of roll
calculations.

J. Aileron lLoads

Aileron loads were found for 12° aileron
defiection at airplane high speed and for 8° deflec-
tion at diving speed. The ailerons and control
system were designed so that these deflectlions
produced a minimun rate of roll at high speed of one
complete roll in & to 4 seconds for fighters (7 to 8
seconds for hombers). Wing twist was consgidered in
these caloulations and also its effect on the wing
span distribution.

| The 1imlting stick force for the aileron
deflections and rate of roll was a 30 kg couple on a
wheel control, or 30 kg stick force (66 1bs. appr.).

NOTE: The ailerons most generally used at
Junkers were 2V% of the chord of the wing with the
hinge ljne at 25% eileron chord. They were found-
nosed and were closely fitted to a mating section of
the wing. .

I,. Control System Loads

taafe" loads at the control stlok are:

ia) 80 kg fore and aft.

b) 30 kg couple on wheel (for alleron
control).

(¢) 150 kg rudder pedal force.

Deflection requirements were expressed
in allowable percentage of total travel. They are:

(a) For 50 kg fore or aft loed, mexlmam
allowable elevator deflection was 20%
of total travel.

(b) For 30 kg couple load on wheel,

" allowable alleron deflection was 30%
of total travel.
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(c) No deflection requlirement on rudder
8ystem.

M. Endurance Loads - Iife of Alrplane

Supposedly at the instigation of Junkers,
instrumentation was installed in one to four of all
Geruan airplanes of each new type when they went into
combat. These instruments recorded data on load
factors and strains experienced during the 1ife of
the individual airplane. These results, from all
airplanes instrumented, were then combined into a
atatistical Sunmary which showed the number o' times
each load factor (or load on an important part)
occurred in an average hundred hours fiilght time.

Repeated load tests were then made on
all important components of an airplane, which
duplicated the hundred hours! loading. The" hundred
hour cycle was then repeated until tailure occurred
and the life ot the airplane was thereby determined.

The requirements as established by the
Alr Ministry for the minimm.1life of an airplane
wore:s : '

Transport -~ 10,000 hours

Dive Bomber - = 600 hours (recently changed
from 1000 hours)

Fighter - 200 hours

N. BStatic Test Procedure

In addition to,. but prior to the
repeated load tests, ordinary static tests were
made to check the stress analysis on new type air-
planes.

All German companies did al1l thelir own

“statlc tests and most or them used hydrai lic jacks
exclusively as the loading methods.

Each compohent was tested to all of the
deslgn conditions,.first to "sare" load, then to

1.35 times safe load, and then to 1.8 times "gsare"
load. Finally, the most critiecal condition was
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tested to destrustion. The Air Ministry could be
satisfied with a failure load of 1.75 times "safe"
load, but most cempanies for thelr own information
made material teats at the point of fallure %o
correct the failing load to the stress used in
streas analysis,

Inspection was made at "safe” load and
1,35 timea safe lead for signs of permanent set,
and if necessary, at any point in the loading up to
1.8 times safe laad. ‘ ‘

The landing gear was both drop tested
and static teated. -

0. Vibration and Flutter Testing

At Junkers, a flutter model was made early
in development of a new airplane and tested in a wind
tunnel. st of the .other commnies were not quite
tlils progressive concerning flutter, but Messerschmitt
was becoming very active. The models were made of
wood, but more recently of a plastic with proportion-
ate E and strength ratios to dural. The models were
of course elastically similar to the actual airplane,
as was the weight and weight distribution. ¥From these
Scale similarities, a factor could be computed so that
a model speed in the tunnel gould be compared to a
mich higher speed on the actual airplane. Of course,
this procedure does not account for compressibility
effects.

P. Source of Material Allowables

From au government publication
"Flugwerkstoffe" or "Flight Material"™, the companies
made ue as part of thelr standard book series or
"Norme", a selection of the materials usable in their
particular companies,

Each material listed included the
overnment code number, a summary of "performance"
%allowabie stresses - which are the minimm acceptable
by inspection), a description of the composition, a
statement regarding its weldability, and the welding
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The government code number acts a8 a deseription
of the material, the first number denoting general
class of material (steel, light metal, etc.), the
Second number denotes the me jor alloying material,
third and fourth the type of alley, and the fifth
number (comes after a decimal point) gives heat
treat state of the material.

In general, the materials used in actual
manufacture were inferior to those of the Allies.
The Germans hsd experimental materials that were
fully as good as our high strength alloys, but lack of

being used in actual aircraft, In fact, many of the
new designs were using wooden construction becauss of
the lack of all metals. '
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Section III

5. Alreraft Propulsion

A. Introduction

This seetion does not attempt to completely
deseribe and analyse all of the various forms of alr-
craft propulsion systems existing in Germany but is,
instead, an attempt 1O outline briefly some of the
most significant.developments, especlally in connec-
tion with the work done on propulsive ducts and roockets.
The material contained herein has been compiled. from
field trips to aircraft factories and research labor-
atories, review of available documents, and ilnterroga-
tion of technical personnel engaged in this type of work.
It is impossible in the short period of time availabdle,
to examine in complete detall, even the field of prop-
ulsive ducts, but it is hoped that this preliminary
report will provide a comprehenslve survey of the
material which will be available through the facilitles
of the Air Document Research Center.

Detailed discussions and descriptions of the
various gas turbine units are contained in the reports
1isted in Appendix &, which are avallable through the
FIAT (Rear). The scope of this report does not in-
clude any discussion of conventional internal combustion
engines as &his subject has already peen covered by other
CIOS and U.S. Naval Teechnical Mission in Burope reports.

B, Terminology

In any discussion of German aireraft power
plants there 1s always reference %O the official designa-
tions of the various units. The following 1list of common
terms end designations 1s, therefore, included %o clarify
any confusion in connection with the accepted terminologye.

R-ahtried Pure rocket motor
L-Antried Rocket motors with alr intakes

ineluding Lorin and V-1 (sta-
tionary and intermittent)
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RL-Gerat - = Rocket pulse motor using
combination of rocket fuels
and pulsating air intakes

IL _ - Intermittent Jet

TL-Turbinenluftstrahl = Gas turbine - propeller and
Jet ecombinatior,

PTL- Propeller-turbinenluftatrahl- .
Gas turbine - proveller and
Jet compination,

TLR N - Jet turbine combined with
» Tooket

Kolbenmotern = Reoiprocating engines

Hypergol C - Spontaneously igniting mono-
Propeller

Ergol - 8ingle component of hypergol

Monergol - Mono-propellant

Katergol: - Catalyst fuel

Lithergol - Solid liquia Propellent

: combination .

Solbei - Red fuming nitrie aciad ,

Soldbeik . - Highly conecentrated nitric aciq,

Myrol = 75% methyl nitrate - 25% methanol

T-Stuff ) : - Hydrogen peroxige - 80% ¢+ 20%
water

C-Stufr = Hydrocarbon (gasoline, alcohol,

- ete.)

c. Athodyds or Ramjets

1. deneral

The ramjet or athodyd, as it is sometimes known in
the united States ang Great Britain, is referred to in
Germany as the Lorin Drive (Lorin-Antrieb or Lorin Trieb-
werk) after the French inventor of this propulsion system.
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Hen used in the range of supersonlc speeds it is some=
times known as the Trommsdorff-Drive in honor of a German
officer who was active in its promotion during the past
few years. ‘

The ramjet has been considered as a propulsion
unit for both subdsonic and supersonic speeds. The prodb-
lems involved in the two fields of application are in
several respects quite different, although some basie
elements are essentially the same. Practically all of
the experi.ental work on complete ramjets has been done
at supersonic speeds to date, However, it seams quite
feasible that the greatest efficieney and usefulness of
this power plant will eventually be in the region of high
supersonic velocities. ‘

The major portion of the German work on athodyds
had been done by a few extremely high calibre engineers
who were associated with the various aircraft factories
and research laboratories. These men worked independently,
largely due to the policy of LFM which severely restricted
the exchange of technical information between individuals
and manufacturers. The outstanding propulsive duct pro-
Jects as developed by the following technicians will be
discussed separately.

l., Dr. Lippisch, associated with Messer-
schmitt and later with the Aeronautical
Research Institute of Viennsa.

2. Ing. Otto Pabst, Focke-Wulf, Bad Eilsen.

3. Dr. Ing. Bugen 3inger, DFS3, Ainring

4. Dr. Klaus Oswatitsch, KWI, Gottingen

5. H. Walter, Kiel.

Appendix B comprises a partial list of avail-
able reports dealing with the work of these various in-
dividuaels and these reports, like thos e listed in Appendix

A, are available through the FIAT (Rear) and/or the Alr.
Doocnment Research Center. :
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2. Generalized Theory

_ - The ramjet is undoubtedly the simplest pos-
sible type of propulsive deviece. It comprises, as
indicated in the sketoch, a diffusor where air en?:{ing
with veloeity V; has its veloeity reduced to Vg th

- an accompanying pressure rise to Pz), a combustion
chamber where heat is added and the denslty lowered
with corresponding rise in velocity to V3, and a nozzle
from which the combustion products and alr are ejected
with veloclity of V4« These elements are surrounded by
a fairing or cowling, and all existing ramjets, as far
as 1s known, are figures of revolutions as indlcated in
the sketch.

M om R
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The usual procedure for calculating ramjet
performance in the past has been to use the usual aero
and thermodynamic relations for the gas flow in the duct
in order to determine the exit flow characteristics for
given entrance and heat-added conditions. The thrust
is then calouldted as the difference between the rate
at whioh momentum leaves the ramjet and that at whioch
it enters., Such a procedure does not introduce the
conditions over the fairing, execept as they affect the
external drag producing a quantity whieh must be sub-

- tracted from the calculated thrust to give the net
thrust produced by the ramjet. Furthermore, this
procedure does not focus attention on the detailed
consideration of the actual forces acting un the
surfaces of the ramjet to produce the thrust..
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Ing. Otto Pabst of Focke-Wulf was apparently
the first to advocate a new approach to the problen
along these lines and his conception may be understood
-easily through reference to the {dealized case shown in
the following sketch. This athodyd is a perfectly
oylindrical inner duct surface containing a short com-
wustion chamber, and surrounded by a ring cowling or
cover. If there is no eombustion, V and V4 are nearly
the same as V, and, neglecting skin Irietion, there 1s
no net drag or thrust on the ramjet. The addition of
combustion has the effect of choking the duet so that
the air entering 1s slowed down; i.e., Vi is much less
than Vy. Because of the heat added, however, the
density of the exlt gases is reduced and the velocity
inereased so that V4 is greater than Voe The ramjet
will now produce a %hrust which must result from the

. pressure differences over the surfeces. The inner
duct surface,being a cylinder parallel to the flow,
cannot contribute to the thrust and it must therefore
be the resultant of the pressures over the outer falr-
ing or cover. The outside flow is obviously analogous
to that over the leading edge and upper surface of an
airfoil at moderately large angle of attack. Hence a
high negative pressure over the nose will exist, and it
js this which 1is primarily responsible for the thrust.

— o

!
l
|
|

)

!
il

r-—-—

This theoretical approach focuses attention
on the outer fairing or cover which in previous analyses
was not seriously considered. The problem of designing
this falring 1s closely related to that of radial engine
cowling rings on whlch much work has already been done
both in Germany and in the TUnited States.
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Kuechemann, at the AVA in Gottingen, has intensively
studled this question both theoreticully and experi-
mentally for the past several Years and has published
several valuable reports which are indicated in Ap-
pendix B. He likewise conducted the wina tunnel test-
ing on models of the Pabst or Focke-Tulf type of ramjet
and subsequently developed methods for calculating the
pressure distribution and resultant thrust.

: An 1mportant feature of the idealized Pabst
type of ramjet is that since there is no internasl dir-
fuser, all of the pressure increase oceurs bvefore the
entrance in the free stream. A diffusor of this type,

with most of the pressure rise outside, is commonly

known in Germany as a "Fanﬁ-nirruseurﬂ; as distinguished
from an "Einlauf-piffuseur® where all the pressure rise
oceurs internally in the diffusor itself. The tw types
ey be oharacterized by the vaelue of the ratio Vy/V,e For
the Binlauf type the value is approximately 1. %or the
FPang type, it 1s 0.5 or less. 4n experimental fact about
the Fang diffusor which is not clearly understood theoreti-
cally is that, if properly designed, it will reach high
subsonle free flight Mach numbers (0.8 to 0.9) without

any rapid rise in drag coefficient. This occurs in spite
of the high negative pressure and agssociated high lczal
veloelty over the leading edge.

The supersonic ramjet differs in Prineiple from
the subsonioc only insofar as the diffusor design is .
affected by the differ=nt pressure relationships and, of
course, the outer surface should obviously have a dif fer-
ent shape in the supersonic and subsonie cases. The
oritical problem of the supersonic ramjet is, accordingly,
the construction of a supersonic diffusor having good
bressure recovery without requiring an external Talring
involving high drag. Oswatitseh at Gottingen has been
actively working on this problem and appears to have
found a satisfactory solution whiech 1s discussed in de-
tall in Section 6. In this section it is suffiétent to
note that, while at subsonic speeds, only low compression
ratlos can be reached, the supersonic ramjet with a good
diffuser can lead to very high compression ratios with a
resultin% high thermal efficiency. For example, at M =
2.9 Oswatitsch obtained a bressure of 19 atmospheres in
the combustion chamber and estimates the overall thermo-
dynamiv efficiency of this ramjet at 45 percent.
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3., Dr. Lipplsch = Aeronautical Research InStitute
.of Vienns

It appears that Dr. Lippisch's work was rather
rushed, ard that on the basis of simplified,mathematical
relations, he proceeded directly with free flight tests
on scale models, 1t was anticipated that some portion
of the German development work on high speed fighters
would bes based on the outcome of these tests.

According to Dr. Lippisch, the following
shows the derivation ¢f the mathematical relationships
that he employed in his athudyd design work. He 4id
not go into the thermal calculations involved in the
process but did specify that the caleulations were for
incompressible flow in the sub-sonic region. TFor flow
in the sonic region, he indicated that by prover dif-
fusor design (he referr:d to the work of Dr. Oswatitch
at the Kaiser Wilhelm lnstitute at Gbttingen) diffusor
efficiencies as high as 0.75 could be otained, and that
beyond the diffusor, the flow being sub-sonic, the con-
ditions remain the same as those for sub-sonic flow.

4 4 s %

VSYI‘.IBOLS
;%t= ecross-sectional area
e temperature (absolute

A2 = pressure
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mass per cublc unit of gas

e =
w - velocity of gas
3 = thrust
Cg = thrust eoefficient
- specific fuel consumption = %%2.: X Time

Co = specific fuel consumption coefficient
Cp = specific heat for air
3 = efficiency (thermal over-ell)

. 1
Thermal equiv. of WOTK

N.Bs Dr., Lippiseh worked with C.G.3. system

3tarting with equation of flow

-dp = w dw
2 F
o= (G ) (%)

. 2
Y A I mz/:“(?u';")]
adnd o, =

= .2
7

Cz
7 = 75
7

N
AN

-
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According to Dr. Lippisch, the usual method 1s to take

as large as the deslign will allow; therefore j%f
is fixed by the temperature relation (i.e., whether
high thrust or high efficiency is desired). ZFor max.
Cgq, values of %o between 4 and 5 are used, along with

relations for max. Cge TFor max. F given a
specified Cg, the nmax. %)}s ohtalned from the envelope
ol' curves of %b giving Cg versus %); The %agiving Mmex.
% at the specified Cg will then allow the calculation

of, the areas. Though % can vary betveen 1 and 8, Dr.
° :

Lippisch normally used a ratio of 3.

- Cp 70 2
s B Zr g

o, = £ TB
A2 My,

In an expression for the fuel consumption per meter of
flight we have

B/met_e.i' = C% C,/a : a‘;",ﬁ 'K/‘;

where }/2 specific wt. of air
et
and since C¥Co = 'za:‘)é—,z-/) it is indicated that the

lowest fuel consumption per unit distance results from the
largest possible /f or diffusion.

Finally we have the overall thermal J/

Z-2 (LAY
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In the sonic region T, is no lon er the same
as Ty, therefore T (Tp or Tz) must be higher if the same

$b ratio as existed for subsonic flow i3 to be maintained.

At the present time, Dr. Lippisch, in congunction
with his mathematics assistant, Dr. Ringleb, is working on
a graphical method to be used in selzcting cross=-scetional
areas for the athodyd. 1In order to attempt to do this he
Dlots the proeesses of the gas on ecoordinates of;fg//

versus Ag/zz o He states that this method will indicate
the dimensions that will give the minimum pressure loss

in the variqus processes, However, since he was still
working on this idea, he was not too sure of its v:1idity.

4. Int, Otto Pabst - Focke-Wulf, Bad Zilsen

The intersst of the Foeke-;ulf organization
in athodyds began in 1941 after exanination of the re-
sults obtained by Dr. SHnger in his flight tests on a
Po. 217, Reallzing that Singer's ducts, with 2 length
of approximately five diameters, were much too long to
be practical, br. Pabst was assigned the task of in-
vestigating combustion problems whose solutions might
reduce the tube,length required. Padst's first experi-
ments were conducted at Kirkhorsten (4 miles from Bad
Eilsen) and utilized hydrogen for the first phases of
the investigation. As a result of these tests he dev-
eloped the burner shown in Figure 4, which has the
apex of the cone pointing downstream. The fuel is
sinply supplied to the dead air space behind the dise
and the actual mixing of fuel and alr takes place in
the turbulent area around the circumference of the disc.
By combining a large number of these burners, Pabst
evolved the power plant illustrate¢ in Figure B. This
configuration resulted in a reduction of the burning
length from the five diameter requirement of Sanger to
approximately 3/4 of a diameter so that the entire ine
stallation with the necessary entry and exit cones does
not require more than 2; diameters. Dr. Pabst did not
utilize baffles with hils installstion and consequently
the energy losses in the system are extremely low.
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' As has already been mentioned, Dr. Pabst's other
outstanding contribution to the theory of propulsive ducts
was his analysis of the pressure distribution over the
outer falring and his advocation of the theory that most
of the pressure increase required for combustion could be
accomplished in the free stream, instead of in an internal
diffusor.

Tests of Dr. Pabst's athodyd in the wind tunhel
at Jdraunschirelg, up to a lMach Number of 0,9 indicated that:
(1) Burning wes steady and stable up to a “liach
. llumber of 0.9, the highest value reached.

[2) Air fuel rutios were varied between 2 and 14
times the stolicheiometriec value.

(3) Exhaust jet temperatures varied between 200
‘degrees C. and 900 degrees C. Combustion
efficlency, as determined fréom exhaust gas
analysis, was »ractically 100 percent for
exhaust Jet temperatures above 450 degrees C.

(4) Meximum thrust coefficient of the order of
. 0e4 (the exact values cannot be determined
fronm the report since the overall ramjet
dlameter is not given exactly).

(6) Specific fuel consumption at maximum thrust
is 0.41 gm/kg sec. occurs at M. = 0.,8. Typical
test results for this athodyd are shown on
Figure C.

Pabst states that if vaporized gasoline were used
as a fuel instead of hydrogen, the above results would re-
main essentially the same except that the specifie fuel
consumption would ts increased to:

1.2 gm/keg sec for maximum thrust
1.05 gmy/kg sec for maximum efficlenecy

Figures D and ® are typlcal cal'culated cur¥es of
athodyd performance :nd are presanted in the form of the
thrust coefficient (Cy = Thrust/é6>v x Max. .Area) vs.
F4,F2 (the ratio of exit sres: to combustion chamber area).
The varieble .«  1is the ratio ¢f fuel weight to air weight
and .77 indicates the ovarall pronulsive efficlency based
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on the heat content of the fuel. These illustrations in-
dicated that the maximum thrust would be obtained at high
speeds with a ratio of F4/F2 = 0.8 - 0.9, but that the
maximum efficienocy would occur at F4/F2 of approximately
0«5, Fror the model tests at Braqunschwelg a ratio of
F4/F2 = 0,625 was selected as a compromise and the re-
sults are shown on rigure O. ‘

It is understood that Pabst had made many com-
bustion tests with the ramjet burning gasoline as fuel.
In this case the gasoline is vaporized and superheated
outslde .of the ramjzt before being fed to the burners.
Pabst accomplished this by building a heat exchanger
into the downstream cross-section of a very small ramjet
of his usual design. For an airplene installation requir-
ing two large ramjets each having 50 burners, he required
one small heat exchanger-ramjet with two burners to
vaporize and pre~heat the gasoline. In other words, about
2% of the total fuel consumed is used for vaporizing and
pre-heating.

5, Dr. lng. zugen S8nger - Deutsche Forschungsanstalf
fur Segelflug - 4Ainring

Dr. Sanger was one of the Tirst aerodynamists in
in Germany to become interested in the problems of prop-
ulsive ducts and while he had not developed his theory to
the same degree as Lippisch and Pabst, he had acquired
much more practical erperience from his experiments with
actual models in flight on a 20-217 and from ground tests
on moving vehicles. This work is discussed in detail in
U and M Report No. 3509 By SHnger and I. Bredt entitled,
"Ueber Einen Lorinantrieb fuer Strahljoeger". However,
no wind tunnel tests, under controlled conditions, were
ever made, so that it is 1lmpossible to establish any
correlation between 3Bnger's theory and his test results.

Dr. S8nger was an advocate of the Einlauf type
of diffusor, which has all the pressure rise inside the
unit. His experiments wers conducted using gasoline eas
fuel and he generally injected the fuel upstrean, agalnst
the airflow, in order to obtain a reasoneble efficliency
of combustion. The combination of these facts resulted
in a high drag unit inasmuch as the combustion chamher
normelly haed a length/dlameter ratio of 5, while the
entire athodyd length was at least 10 times the diameter.
Sanger's exp-:riments were gensrally conducted with a high
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fuel/air ratio and conseguently the specific fuel con=-
sumption was higher than the figures obtalned by Pabst =
Sénger's models requiring approximately 8 grams of fuel/
kg. thrust/see. Dr. Sanger concentrated on the Einlauf
diffusor because he intended to operate his propulsive
duets at Mach Numbers close to unity and he was afraid
that the Fang type of diffusor would experience dif-
fisulty with local regions of supersonic veloecity
around the outer lip of the entry.

The results obtained from the flight tests
at Ainring are rather difficult to analyse, because of
the necessity of accurately measuring the thrust and
drag and separating the effect of the drag of the
structure supporting the propulsive duct from the air-
plane drag. The highest thrust coefficlent (converted
to the conventional basis of net available thrust) was
0.38 and a diffusor efficiency of 85 to 95 percent.
Flight speeds were never higher than 200 meters/second
and the veloelty ratio in the diffuser was approximately
6 to 1. No attempt was made to cool the ramjet by fuel
film or any means other than external airflow and radia-
tion. Internal gas temperatures, measured with a pyro-
meter during night tests, was of the order of 2000° ¢,

Sénger provided approximately 80 fuel injection
nozzles for the 1.5 meter diameter propulsive duct and
the pressure 4rop across these nozzles was calculated
to be 40% of the velocity head of the internal
flow at that point. The diffusor had an included
angle of 10° divergence and the leading edge was slightly
rounded to provide for smooth entry flow conditions. The
exit area was established so as to produce an entry flow
velocity of approximately 150-180 meters/second with
~complete combustion, and the major portion of the £light
work was accomplished at a flight speed equal to this
duct entry veloeity. ‘

For flight tests conducted with eniry velocities
other than free stream veloeity, an error is introduced
in the interpretation of Ssnger results, published in
U and M Report No. 3509, which should be explained. All
test results are expressed as thrust coefficient (Cy)
¥hich represents the "internal thrust™ and not the net
thrust. this coefficient does not include the drag on
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the extermal surface or the friction losses of the
internal flow. It is possible to calculate the con-
ventional thrust values from Sdngerts data given for
the drag without combustion, but the results are
questionable, due to the difficulty of accurately
determining the interference effect of the athodyd
supports. Fuel consumption values are always
expressed in terms of fuel/air ratlo with the assump-
tlon that the entrance velocity and free stream velocity
are eyual. Where thls is not the case, a correction
mst be applied.

6. Dr. Klaus Uswatitsch - salser Wilhelm Tnstitute
- GBttingen '

Dr. Oswatitsch, a member of Prandtl's Institute
at Gdttingen, had been working wince 1943 on a ramjet to
drive shells at high supersonic speeds, of the order
M= 3. This work is referended in the reports listed
in Appendix B. Uswatitsch concentrated the majority of
his efforts on the two problems of obtaining a supersonic
diffusor with high pressure recovery and of developing
an external shape for the combination misd le und ramjet
which would have relatively low drag. ‘He found that
the two problems are closely related and are, in fact,
somevwhat contradlctory in their requirements, so that his
final proposed deslgn represented a compromise in regp ect
to both diffusor efficiency and external drag.

The starting point of his diffusor development
was the observation that at high mach Nwmbers, 2.0 and
above, a conventional contracting tube type of supersonic
dit'fusor always involves a normal shock at or before the
tube entrance, providing the contraction exceeds a (rather
small) limiting amount. I'he entropy increase through
suach a normal shock at high lach Numbers is large, which
means that the total pressure downstream of the'.shock is
only a small fraction of the reservoir pressure which
would adiabaticully produce the frée stream iach Number,
Thi® means that the pressure recovery from such a diffu-
sor is relatively low, i.e. the diffusor efficiency is
small, On the other Band, the loss in a normal shock
at wach Numbers only a little greater than 1l, is very
suall, anda it is possible to reduce a high laeh Number
to a lower one with Little loss by reyuiring thre air to
cross an obliyue shock, or vetter still, a succesiion of

 RESTRICTED

Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3




Approved For Release 2000/05/23 : CIA-RDP78-02646R000400190001-3

RESRETED .

_ Tn view of tae sbove considerations, Oswatitsch
get out to develop a diffusor in which the alr was slowed
down to a Mach Number close to 1 by means of a serles of
obliyue shocks and only then passed through a normal
ghock and into a conventional subsonilc diffusor leading
to the combustion chamber of the ramjet.

Many calculations were made and very coupre-
hensive tests were carried out, mostly at a Mach Number
of 2.9 and a large number of modifications were investl-
gated bsfore the final compromlse design was reached.
-Both the theoretical -and experimental work are very
completely presented in thé reports listed in Appendix B.
However, the tfollowing notes provide a brief indication
of the scope of his work together wlth an outline ot his
logic in determining the final configuration.

: The rirst model (irdicated in the sketch) was
an axial body witl two aiscontinuous increases in slope
in the supersonic friow reglon. These changes in slope
produced two obliyue shock waves having less total energy
ioss than a single shock wave. The external portion of
the diffusor has its sharp leading edge at the inter-
section of these two.shock waves and . has the same external
slope as the forward portion of the internal body. Vihen
combined with a sultably falred afterbody, this model gave
a relatively low total head loss (approximately 25-30. per
cent), but did have & high external drag. ~ The modeld was
obviously lmpractiecgl for operation at Mach Numbers
different from the design value and at angles of attack
other than zero.

-~
g
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The second model, itlustrated beiow, had a
siightly higher total head loss, ranging from $5-40 per
gent of the total pressure ahead of the diffusor, but the
drag coetficient was only 50-60 percent ot lodel I,
because of the low curvature of the external portion of
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the diffusor. The ratio of the eircumferentist disec
areas f3 to f5 1s approximately 2.5 to 1.0. The
dimensions A, B, and C are the result of locating the
shock waves, approximately as shovmn, relative to the
outer cylindrical structure by using angles for the
inner body which will produce successive obligue shock
waves, each having a total head pressure 1oss of only
5%. This design increased the losses exterral to the
diffusor because the shock waves now extend into the
free stream and the diffusor is also etrfective over a
small range of Mach Numbers and angles of attack.

!

/// p 0
5

{

¢ —>

The theory indicateg trat the utilization of .
infinitely small angles (a smcoth curve) tor the inner
body should result in no total head bre<gure loss, and
in pursuit of this sclution, Dr. Oswatitsch produced a
model, which when tested proved to be actually inferior
to his setond attempt.

Although no tests with combustion huve been
reported, Uswatitsch had worked on the .ombustion problem
end feels that there is no essential alrficulty it the
fuel 1is vaporized and preheated (as in Pabst's sibsonic
ramjet) berore being fed to the combustion champer.

Oswatitsch had also peen making performance
studies on large, winged supersonie misd les or aircraft
with ramjet power. At M = 3, he calculated cverall
thermodynamle efficiéncies of between 40 and 50 percent
with combustion ehamber temperatures or 1700 degrees
centigrade. These extraordinarily high efficiencies,
resulting from the high compression retio, make him
very confident that such aircraft can be constructed to
fly several thousand miles at altitudes of 20 to 30
kilometers and speeds of 1,500 to 2,000 miles per hour.
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7. Walter Project - kKiel

The tirm of H. Walter which had been develop-
ing rockast motors Ffor various German alrcraft had
daeveloped an Einlaut type athcdyd which was tested by
LPA at Braunschwelg. The combustion chanber was
approXimutely two diameters in length and the overall
length diameter ratio was approximately 7.0. The deslgn
was such as to produce conslderable pressure rise inside
the 'diffusor and utilizing conventional terminoclogy, the
wind tunnel investigation produced the following results:

Drug coefficient 0.3 at speeds of 100-280 m/sec-
Thrust coefficient 0.3 for speeds of 200-260 m/sec.
dpec. fuel consumption 29m/kg.sec. at 200-260 m/sec.
air/fuel ratio - 26-30 for maximm thrust.
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D. ROCKETS

l. General Digscussion

A8 in the previous portions of this report, no
attempt will be made to describe in detzil the design,
manufacture and performance of such well known rockets
as V-1, V-2, Wasserfell and various others, but instead,
the discussion will consist of an outline of the theoreti-
cal work of the outstending German rocket technicians.

A blbliography of existing reports on German production
rockets will be found in Appendix C.

Most of the important design work on rockets
was accomplished by menbers of the LFA at Braunschweig,
while the actual testing was accomplished in the wind
tunnels at Braunschweig and Peenemunde.

The chief item of research was the development
of proper fuels and fuel combinations, while the problems
of proper external configuration, control, and mechanical
installation of the power plant, were largely left to the
ingenulty of the engineers of the commercial firms using
rocket propulsion.

2. Prof'. Otto Lutz - LFA, Braunschweig

Dr. Lutz was in charge of rocket research for
the Hermann Goering Aeronsutical Research Institute at
Braunschwelg, Vulkanrode. All of the rocket research
work done at LFA came directly under Dr. Lutz's super-.
vision and he was also actively engaged in ‘several
personal fuel research programs.

Agcording to Dr. Lutz, the following points
should be considered vhen discussing the best type of
rocket fuels without limitations. The main polnt 1s the
cholce of the oxygen carrier - oxygen and nitric acid
providing the least ignition delay of all known carriers.
Hydrogen peroxide produces lower operating temperatures and
nas the added advantage of easy handling charscteristics
but does have a substantially greater ignition delay.
Juantitively, in ratio of ignition delay - the choice of
the fuel is immterial.

Considering fuels with maximm temperature
limitations, i.e., engines operating for extended
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periods of timse, hydrogen peroxide provides the best
possible propellant. The best fuel for hydrogen
peroxide 1is hydrazine hydrate inaarmch as no ignition

is required, and the reaction will take place with a

50% solution of hydrogen peroxide. The hydrazine.
nydrate can likewise be diluted with water and methanol
and the final fuel developed for the Waltel installation
in the Me-163 was 13% water 30% hydrazine hydrate and
57% methanol containing potassium.cuproécyanide as the
catalyst.

For excegtionally low terperatures of the
order of 1000-2000°C, ammonia is generally used in ,
excess because, due to the aisassociation, free hydrogen
is obtained, which lowers the molecular weight and
increases the efficiency since the efficiency is directly
proportional to the flame temperature divided by the
square root of the molecular welight. Brenzkatechln
diluked with methanol or vinyl ethers can also be used
with the same degree of success. '

For nitric acid, the best fuels contain
amines such a8 aniline, ethyl aniline, xylidine or
Brenzkatechin which are mixed with crude benzol, xylol
or vinyl ethers. :

Dr. Lutz had a rule of thumb, which he claimed
worked exceedingly well for preliminary rockeét design
and which consisted of providing a propellant flow of
one liter per second for each liter of volume of
sombustion chamber space. Such large flows require
propellants which are readily matually lgnitable in order
to prevent explosions occurring,frOm.1arge,accumulations‘
of these fuels. ' '

Indicating the.relatlve order of specific fuel
consumption for various temperatures, Dr. Lutz has found
that for low chamber temperatures with hydrogen peroxide, .
e SFC of 6 grams/kg. thrust/second is average. " With
1iquid oxygen and resultant high chanber temperatures, a
consumption of 4 grams/kg. thrust/second 1is reasonable.

with almost all fuels a catalyst is required.
The best is vanadium ehlorite, which was extremely rare

in Germany, and therefore with nitric acld, diluted iron
_salts were used while with hydrogen peroxide, various
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copper salts such as potassium - copper cyanide or forms
of the copper collo:ds were found to be operationally
acceptahle.

Congiderable w rk had been done by Imtz in
conjunction with Dr. Haussman of I.G.Farben st Ludwigs-
hafen on the development of hypergols. The use of
hypergols provides excellent control because there are
no stabllity problems and the temperatures remain Low.
However, the fuel consumption is high, averaging about
9 grams/kg. thrust/second. In general, with the oxygen
carrier of the hypergol a higher temperature is produced.
than when the decomposition of the fuel takes place alone.

3. Prof. Wolfgang Noeggerath - Ly, Braunschwelg

Prof'. Noeggerath was assistant to Dr.Lutz at
Braunschwelg and at the same time was actively perusing
several or his own original theories in connectlon with
rocket propulsion. »

He had spent considerable time and with some
Success on investigations of the introduction of ballasgt
into rocket propeliants. The domlnant pertormance
factor is the ratio ot the flame temperature to the
average molecular welght or the products of combustion,
ana thererore. the addition of relatively inert substances
which decoupose into products ¢* low molecular welght,
allows operation at low tempéerature without an accompany-
ing decrease in the exhuast velocity, Noeggserath had
verified this theory by adding excess ammonia to anmmonium
nitrate or nitrous oxide anda decreasing the temperature
200-250°C without effecting the exit velocity.

4. Dr. Johannes Winkler - LFA, Braunschwelg

Dr. Winkler was another member or Dr.lutz's
stail at the Hermann Goering Institute and had been
working with liguid oxygen and liquid methane rockets
Since 1926. In 1930 while employed by Junkers, he
developed the 1irst successful rocket flown in Germany.
Since his association yith Dr. Lutz at LFA, he had been
concentrating on a nitrous oxide-gasoline rocket which
was first flown in 1940, The mixture ratio was 3 parts
of nitrous oxide to one part ot gasoline vhich produced
120 kg. of thrust for 5 minutes with a gross weight of
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5 kg. and a specific fuel consumption of 6.3 grams/kg.
thrust/second. The propellant feed pressure was

22 atmospheres and the combustion chamber operated at

L7 atmospheres. The motor length was 350 mm. with a
maximm diameter of 60 mm. Ignition was obtained by
introducing gasoline and nitrous oxide into a separate
combustion chamber and igniting them with a spark plug.
A portion of the gasoline injected is used for film
cooling in the combustion chamber, similar to the system
used in the V-2 rocket.

Dr. Lutz and Dr. noeggerath were also active in
the investigation of the utilization of nitrous oxlde as
an auxiliary tuel for internal combustion engines.
Nitrous oxide is injected into the supercharger inlet at
altitude supplying additilonal oxygen, whlle the nitrogen
helps keep the engine temperature down. At an altitude
of 10 km., the conventlonal 1500 horsepower Junkers
engine decreases to 800 brake horsepower - the injection
of -one gram/second produces 4 brake horsepower, so that
175 grams/second will restore the 1500 horsepower rating
at 10 km, altitude. The utilization of GM-1 or nltrous
oxide, as a power boost fuel for military aircraft, was
in effect operationally at the snd of the war and was
also being used to proyide a 15-20% thrust increase for
the Schmldding rocket engine. '

4, Prof. Busemann - LFA, Brauhschweig

Prof. Busemann was primarily concerned with the
thermodynamics of rocket propulsion, egpeclally in connec-
tion with the development of the proper fuels. He was of
the opinion that ror meximum Jet velocities, a combination
o high pressures and temperatures was necessary. Reason-
ing that high energy content propellants necessarily
produce high temperatures, and that at high temperatures
micn of the energy goes into the dissoclation of molecules
and 1s not available for accelerating the jet. The only
means of preventing this disassociation is through the
introduction of high pressures - hence Busemann's con-
clusion. It 1s entinely possible that welght considera-
tions might force a modification ot this theory and this
was the basis of practical experiments which were being

conaucted at Peenemunde,
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Busemann advocated a nigh expansion raie
which would permit the utiiization of heavy molecules
with poor Cp/Cy values, ineluding carbon-dioxide and
sven vaporized oxides of metals. This theory was in
contradictlion to the basic work of the Peenemnde
group who used hioderate pressures (20 atmosplLeres)
and moderate temperatures, controlled by the addition
of water, They were, howsver, able to retain high
values ot T/M because water reduces the averaye
molecular weight more rapidly than it reduces tue
temperature.

5. Dr. Rudolph Edse - LFA, Braunschwelg

Dr. Edse, in opposition to Dr. Busemann had
been concerned with improving the combustion stability
of solid propellant at pressures of 20 atmospheres, in
order to decrease the weight of thé combustion chamber,
and in this connection had worked very closely with
the Peenemmnde group.
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APPENDIX A
CI08 Report No. Title
Item No.25,26 Gas Turbine end Jet Propulsion Work
File No.IV-1,8 in Paris. 29 Aug. - 8 Sept. 1944.
Item n0.5,26 Junkers 004 {205) Jet Propulsicn
File ro.XI-6, Engines. & December 1944,
XII-9, XIV-4
Item no.5 ' Helnkel-fHirth TL Gas Turbine Engli.e
File No.XXI-5 13 April 1945.
Item NO.5,26 Gas Turbine Development at B.M.W.,
File No.XXIV-6 Junkers, Daimler Bensz.
Item No,5,19 Junkers Flugzeug und Moternwerke
File No.XXV-23 A.G.Ausbildung, Dessau.
Ttem No.5  Research and Developmeyt »f Enginos
File No.xxVI-27 at Hermann Goering Institute,

Volkenrode.
Item No.5 Research and Development on Gas
File No.xXVI-28 Turbines at Hermsnn Goering Institute,
Vulkenrodse.

Ttem nNoO.D
File No.xaxVI-29 Regearcn and Development on Gas
Turbines at Junkers lioternwerke.

ADI(k) Heport German Progress in Field of Gas
564, 1945 Turbines, Athodyds and Turbe-Jets.
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APPENDIX B

BTBLTIOGRAPHY OF GERMAN PUBLICATIONS ON ATHODYDS

gSlnger and Collaborators

Report Summary of Contents
U&Y 5509 Galculations and description off experi-
ments with ramjets.
| U&M 3538 ' Rocket power ror a long range bomber.
UM 5597 Ramjet power for the Me-262.
™8 1958 : Application of ramjets to unmanned
' aircraft.

Focke-Wult (Pebst)

Focke-Wull Ber. Raemjet calculations without through
0940 flow,

Focke-Vulf Uer. Ramjet calculations with threough fliow.
0941

Focke-Wulf Ber, Results of F.W. ramjet tests in LFA
0945 tunnel A-9.

Oswatitsech (Supersonic Ramjets) .
(From the series: Forschungen und Entwidklungen des
Heereswaffentamtes)

Ber., 1005 ,Theoretical conceptions and preliminary
experiment results.

Ber. 1010 Results of further experiments.

Ber, 1010/2 Additional experiments and summry

of all results.

FB 1236 and 1736 A summary of his work was stated by

(each in several Kuchemann to have appeared as a

parts) Technlische vericht for ineclusion in
the 1943 Jahrbuch des Deutschen
Luftfahrtforschung. vhis report has
not yet been located. He is also
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preparing a summry report of his
. work for Col, Paul Dane, AAF, for
inciusion in the USSTAF files.

‘Walter - Kiel

T 2014 Tests on Walter ramjet in LFA
- ‘ tunnel A-9 (Also Walter-report
1.631)
CIOS Report ‘Focke-WuLf Designing Offices and
Jtem 25 ‘General Mgnagement at Bad Elilsen
File No.XXVI-6
USSTAF Report - Tnterrogation of Dr. Lippisch
TIR No.I-8%2 Regarding Design and Development
0ot the Athodyd.
USSTAF Report Interrogation of Dr. Oswatitsch of
TIR nO.I-83 KWI, GBttingen on Supersonic
: Diffusors for Athodyds.
Nav.Tech.lis.Ev. :survey of German Ramjet Develop-
Report 95-45 ment s
Note: :

I. U & M reports refer to Untersuchungen und Mitteil-
ungen Reports published by ZWB.

2. Ber. reports refer to Technische bericht reports.:
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APPENDIX G

| B2

Available reports on German Rockets

ReEort Title

.~ AI2(g) Report 2323 Me-163 Rcoket Propelled
, Intercepter,

AT2(z) Report %492 German Long Range Rocket ~-V-2.
£I2(g) Report 1735 German 8 cm. Rocket Projectile,

L ATI2(g) Report German Liquid Rocket Puels
dated 18 April 1945

.~ BEWD Report dated - Notes on German Rocket
7 November 1944 Production.
MEW Report V-2 Manufacture.

dated 10 April 1945

ADRC Doc. 1218 Correspondence on production,
delivery, launching results and
failures of V=-2.

4 #DRC Doc. 1193 BMV Rocket Research and
‘ Development.
/" ADRC Doc. 1318 Details of Walter 109-509 A
Roc_ketx
Note

T.7 AI2(g) are British Alrerart Intelligence Reports.
2. EWD are Economic Warfare Deparvrnent Reports.

5. ADRC Documents are those available at the Ain
Document Research Center, 59 Weymouth Street,
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